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A CLASSIFICATION OF THE VARIETIES OF FIELD BEANS, 
PHASEOLUS VULGARIS ‘ 

By F. H. Steinmetz, formerly Assistant Agronomist^ and A. C. Arny, Associate 
Agronomist^ Minnesota Agricultural Experiment Station 

INTRODUCTION 


Several classifications of both European and American varieties of 
field beans are available, but up to the present none deal specifically 
with species of Phaseolus and varieties of P. mlgaris L. grown for 
theirAj^^^ble seeds. The field-bean-growiM sections are somewhat 
localiSS^.:^ the New England, the North Central, and the Pacific 
Coast States ranging from Oregon to southern California and Arizona. 
Since the range in climate between any two extremes of the above- 
mentioned sections is wide, it follows that varieties grown in one ex- 
treme are not always adapted to another. The choice of a variety 
adapted to local conditions affects directly the yield and profitable- 
ness of the crop; hence the choice of a variety for a given locality 
merits careful consideration. However, in order to be able to make 
tins choice, the identity of types and varieties must be established 
with certainty. There is need, therefore, for a classification of field 
varieties by the use of which the identity of the varieties may be 
definitely established. It is the purpose of this study (1) to determine 
a practical basis for the classification of field varieties of common 
beans, (2) to construct a key based largely upon characters that are 
stable under varying climatic conditions so that it may be of value 
wherever beans are grown, and (3) to describe the varieties as found 
when grown in the environment of University Farm, St. Paul, Minn. 

REVIEW OF LITERATURE 

Von Martens (10) ^ published his second revised classification of 
garden beans in 1869. He did not distinguish garden beans from 
field beans. In his classification the common beans (Phaseolus 
vulgaris) are separated into seven species according to the shape of 
the seed. A secondary division is based upon the color of the seeds. 

In 1865 Burr (5, p. 434.-481) described 56 varieties of Phaseolus 
vulgaris. Eight of these appear to be field varieties recognized at 
present. 

Irish (7) described all obtainable varieties from cultures grown at the 
Mwsouri Botanical Garden in 1901. His key to varieties is based 
primarily on the form and color of the seed. For secondary divisions 
he uses plant and immature pod characters. 

The use of dry seeds and green pods is impractical for the reason 
that thedmmature pods can not be stored conveniently for future use 
in identification. The reliability of absolute measurements may, at 
least, be questioned. However, the combined use of seed, pod, and 
t ype of plant is a step toward what undoubtedly will become a 

28, mi; ismei August, 1932. Paper 1 ?o.Tg 70 of the Journai SeriesTf 
Agrtijultural Experiment Station. 

t * Reference is mad# by number (italic) to Literature Cited , p. 49. 
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comprehensive basis for the identification of varieties. Irish states 
that the variety Navy is largely grown as a field crop. 

In 1907 Tracy (IS) described American varieties of garden beans, 
Phaseolus, within three species — vulgaris, lunatus, and multiflorus. 
His major divisions are based upon plant habit and character of green 
pod. A secondary division is based upon form, size, and color of the 
dry seed. He includes varieties of field beans. In his key the 
varieties of field beans are set apart according to texture of the green 
pod. 

Tracy has made a fairly clear distinction between field and garden 
varieties of common beans based upon the texture of the green pods. 
However, when this comparison is extended to the dry mature pod 
the distinction becomes more apparent. Dry pods of ^lekt beans are 
fibrous and dehisce at the sutures, while the dry pods of go^ v^eties 
of garden beans are brittle, contain relatively little fiber, antr Vteak in 
cross section rather than dehisce at the sutures during threshing. 
The terms 'Hhick stemmed^' and 'Hhin stemmed'' are too indefinite 
to be of value in placing plants with stems intermediate in thickness. 
Tracy refers specifically to 12 varieties as field beans in his descriptions. 

Jarvis (8) desciibed American varieties of beans, which he separated 
into three species of the genus Phaseolus and four other genera — 
Vicia, Vigna, Dolichos, and Glycine. He utilizes color and form of 
seed, but bases his major classification upon size of seed and the ratio 
of the length to the width. In his descriptions he groups varieties of 
Phaseolus according to the type of the plant and the pods. 

In the exclusive use of seed characters for the classifications of 
varieties Jarvis makes many distinctions so minute as greatly to 
lessen the practical usefulness of his key. The combined use of seed, 
dry pod, and plant habit in a key would appear to facilitate greatly 
the identification of varieties. In his key he makes no separation of 
garden varieties and field varieties. However, in his descriptions he 
points out whether a variety is suited for green -pod or for dry-shell 
purposes. He refers* specifically to 21 varieties as field types. 

In 1912 Freeman (J) described six native field varieties of Phaseolus 
vulgaris, namely. Pink, Bayou, Hansen, Garaypata, Red Indian, and 
Mottled Red Indian. In addition, he first describes the tepary bean, 
P. acutifolius var. latifolius as a new field species. There is incor- 
porated a detailed discussion of the origin of this new species. He 
concludes that it is a native of the southwestern part of the United 
States or Mexico. He adopts the name “tepary," which the Mexicans 
use to distinguish it from the common “fnjole" or kidney bean. 
Three varieties of “teparies" are described, but he states that as 
many as 49 distinct forms are recognized. 

In 1912 Hendry (6) described 16 varieties of field beans adapted to 
California, representing four genera — ^Vigna, Vicia, Cicer, and Phase- 
olus. He gives the history and the adaptation of the varieties de- 
scribed. 

In 1919 Chittenden (1) grew 253 stocks of beans of which 224 are 
described as dwarf or nonclimbing types. The remaining 29 climbers 
or semiclimbers are not described. 

The method used is undoubtedly valuable as a convenience to 
growers and seed producers but is limited in usefulness because 
flowers and green pods are available only during a part of the growing 
season. ^ 
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MATERIALS AND METHODS 

As early as 1914 a collection of seed of varieties of field beans was 
begun. Seed from the bean-growing sections of the United States and 
Canada was obtained through seed houses, growers, and experiment 
stations. An effort was made to obtain seed of the main varieties 
grown in each of the bean-growing sections of the United States, 
namely, the New England, north central. Pacific coast, and south- 
western sections. In addition, a few samples were obtained from 
Sweden and France. The growing of these varieties began in 1915. 
Intensive work toward isolating types began with the harvesting of 
the 1918 crop. 

From the beginning the beans were planted in rows 18 feet long and 
2 feet apart with one seed dropped every 3 inches. In order to fix 
the typ.» for a given variety, commercial seed was planted in rows as 
desciSjed above. At harvest time typical and non typical plants were 
selected and the seed planted in progeny rows for observation and 
increase. The rows having plants which were the most representative 
of a certain variety were cliosen as tlie type. Other rows representing 
other types in the original sample were continued if the*y were suffi- 
ciently distinct. From the type rows the one showing the best per- 
formance record was increased, given a Minnesota number, classified, 
and described. 

It is recognized that some natural crossing occurs in beans when 
varieties are grown near each other. The only effort made to control 
the effects of this was to rogue out plants which varied from the 
selected type. 

During three years of the study, when it was possible, 100 pods were 
selected from the various types at harvest time and stored in small 
pasteboard boxes. These pods were measured, the length and width 
of pod and the length of spur being taken. From the same material 
the number of seeds per pod was detennined and the three dimensions 
of 100 seeds were obtained. The weight per 1,000 seeds was deter- 
mined from the bulk of the seed which was harvested from each row 
or plot. The seeds were counted into two lots of 500 each for weighing. 

Weights and measurements of the seeds of varieties are given in 
Tables 1-4, inclusive. 

EFFECT OF ENVIRONMENT UPON Si;5^E OF SEED 

Among the factors afifecting the size of the seed are temperature, 
moisture, productivity of the soil, rate, and date of planting. 

Freeman (5), Jarvis (^), and Hendry {6) use size of seed in their 
descriptions of varieties and they report the measurements of three 
dimensions. Zavitz {14) and Freeman (5) give weight of seed as a 
descriptive character. A sumniary of the measurements and weight 
of seed reported for a few varieties of beans grown in different localities 
is shown in Table 1. By comparing the measurements recorded it 
will be seen that marked variations occur. For example, the length 
of seeds in different years for the variety Ked Kidney ranges from 
1.8 cm in New York to 1.4 cm in California. The weight per 1,000 
seeds for different years as reported by Zavitz and bjr the present 
writers for the variety Red Kidney shows a wide variation in size. 
A study of this table indicates that a classification based mainly upon 
size of seed may well be questioned, except possibly for a particular 
locality. 
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It was arranged to have some of the bean varieties grown at out- 

g ' ing stations in Minnesota; that is, at Crookston, Grand Rapids, 
ninth, Coon Creek, and Radisson. By the use of the seed produced 
at these locations a study was made of the effect of environment upon 
size. From the results given in Table 2 it is evident that for two 
varieties grown in 1920 there is a wide variation in the size of the seed. 
Robust beans were approximately 40 per cent smaller by weight 
grown on peat at Radisson ® than at Grand Rapids on a sandy loam. 
The difference is not so marked between any other two localities, 
but it is great enough to make it questionable whether a useful 
classification of Robust beans for different localities or environments 
can be based upon the size of the seed. The seed of the variety 
Improved Goddard grown at Crookston is approximately 30 per cent 
by weight less than seed grown at Grand Rapids. The above 
evidence indicates that the size of -the seed produced from the same 
varieties is materially affected by the locality in which it is grown. 

At University Farm, St. Paul, Minn., some work was done upon 
rate and date of planting. The results are given in Table 3. The 
seeds produced in 1920 from Robust 70 beans planted late are smaller 
ill size than those planted at the regular time, and those spaced far 
apart in rows are larger than those planted close. For example. 
Robust beans iilanted May 12 weighed 233 g per 1,000 and those 
planted May 22 weiglied 212 g per 1,000, while the late idanting, 
June 22, weighed 204 g per 1,000. It appears, therefore, that date 
of planting influences the size of seed produced. The other factor, 
rate of planting, gave similar results. Robust beans planted 4 
inches apart in rows produced seed weighing 218 g per 1,000, while 
beans planted 8 inches apart produced seed weighing 244 g per 1,000. 


Table 2. — Variation in size of seed of beans of two t>arieiies grown in different 

localities in 1920 


V Uriel y 

lA>uality 

Lenkth 
of seed 

Widtli 

1 of seed 

Thifk- 
ne.s.s of 
seed 

Length 

Ratio 

ness 

Thick- 

ness, 

width 

factor 

i 

Weight 

per 

1,000 

seeds 

Robust No. 76- - . 

University Farm.* 

Cmti- 

rnetfru 

0.840 

Centi- 
meters 
i 0.684 

Centi- 

meters 

0.480 

1 

0. t96 

0. 571 

0. 822 

Grams 

176.8 


Oulnth 

Crookston .... 

.849 

.626 

.508 


. 736 . 598 

.813 

185.8 


. 893 

.051 

.639 

1 1 

.739 

.603 

.828 

206.2 


Grand Rapids 

.872 

.682 

.664 

1 1 

.782 

.647 

.827 

236. 2 


Cioon Creek, sind. 

.840 

.677 

.452 

1 

.687 

. 539 

.783 

157.4 


Radisson, peat * . . 

.786 

.569 

.446 

1 

.726 

.668 

.787 

133.0 

Improved Ood- 

Duluth 

1.003 

.798 

. 693 

1 

.498 

.369 

.743 

529.0 

dard No. 139. 

Crookston 

1. 622 

.727 

.565 

1 ; 

.477 

.371 

.777 

1 380. 8 


Grand Rapids. .. 
University F..rm., 

1.615 

.818 

.604 

1 1 

.607 

.374 

. 738 

550. 0 


1.629 

.766 

i 

.534 

1 1 

1 ' 

.500 

.349 

.698 

436. 7 


» rrivate farm near 6t. l*aul, Minn. 
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Table 3. — Variation in size of seed of Robust No. 76 beans grown at University 
Farm when planted at different rates and dates in 1920 


Date of 

Rate of planting 

Length 

Width 

Thick- 
ness of 
seed 

Ratio 

Thick- 

ness, 

Weight 

per 

planlinR 

of seed 

of seetl 



Thick- 

ness 

width 

1,000 





Length 

Width 

factor 

see<ls 



Centi- 

Centi- 

Centi- 







j 

metern 

meferit 

meters 





Orams 

May 6 

1 seed each 4 inches . 

0. 935 

0.662 

0. 551 

1 

0.708 

0. 589 

0.m2 

217.7 

6 

1 seed each 8 inches 

.949 

. 673 

.559 

I 

.709 

.589 

.831 

243. 8 

May 12 

1 seed each 3 inches. 

.945 

.677 

. 6f52 1 

1 

. 716 

1 . 594 

.830 

233. 0 

22 

.. ..do. . 

.924 

. 645 

. 527 1 

1 

. 698 

! . 570 

.817 

211.6 

June 22 

do . . .. - 

.901 

[ . 651 

. 597 1 

! 1 

. 723 

. .597 

. 820 

204. 4 








The growing season of 1919 was favorable throughout at University 
Farm, but the season of 1920 was less so. Until about July 10 tliero 
was heavy precipitation, but during the remainder of the growing 
season rainfall was scant. The crop of beans produced was affected 
differently during its development in the two seasons mentioned, as 
seen in Table 4. Robust beans produced in 1919 weighed 227 g per 

1,000, while seeds of the same variety produced in 1920 weightnl 177 g 
per 1,000. The variety Improved Goddard does not show similar 
variation. Seeds produced by this variety in 1919 weighed 434 g per 

1.000, while seeds produced in 1920 weighed 430 g per 1,000. The 
variety Improved Goddard is an early typo, while the variety Robust 
matures approximately two weeks later when planted at the normal 
date. At University Farm, Robust beans matured uniformly when 
planted as late as July 1, while Snowffalce beans were nonimiform in 
maturity. It is probable that Improved Goddard matured before 
the drought had progressed far enough to hinder normal development, 
whereas Robust was hampered by the drought. The Robust beans 
grown on a very sandy soil at Coon Creek in 1920 weighed 157 g per 

1.000. These were checked in development by the drought. From 
the evidence givcfn it appears tliat seasonal variation may be great 
enough to make it impossible to base a classification of beans upon size 
of seed with the expectation that it will be of use over a period of 
years or in widely different locations. 


CHARACTERS USEFUL IN CLASSIFICATION AND DESCRIPTION 

The observations here reported are based upon three yoars^ work 
at University F'arm. 

SEEDLING CHARACTERS 

The term ‘^seedling leaves'' as here used refers to the first pair of 
leaves above the cotyledons. The size of seedling leaves produced is 
closely correlated with the size of the seed. 

Table 4. — Variation in size of two varieties of beans grown at University Farm in 


Variety 


Improved Goddard, No. 139. 
Robust No. 76 


1919 and 1920 

Year 

Length 
of seed 

Width 
of seed 

Thick- 
ness of 
seed j 

Ratio 

Thick- 

ness, 

width 

factor 

Weight 
per 1,000 
seeds 

l.«ngth 

Width 

Thick- 
j ness 


Centi- 

Centi- 

Centi- i 







meters 

meter 

meter 





Grama 

1919 

1.580 

0.797 

0. 5149 j 

1 1 

0.504 

0.341 

0.710 

433. 8 

1920 

1. 529 

. 765 

.534 

1 

.500 

.340 

.098 

436.6 

1919 

.912 

,669 

. 567 

1 

.733 

.622 

.847 

227.1 

1920 

.840 

.584 

. 480 1 

1 

.605 

.671 

.822 

176.8 
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(^olor of seedling leaves and stem is correlated with color of seed 
coat. In the brown-seeded varieties the stem is tinted brown, es- 
pecially close to the surface of the soil. The same color distribution 
is true of red-seeded varieties. In the solid black or black mottled 
varieties under observation a purple tint extends into the veins of 
the seedling leaves. In all except the solid black or black mottled 
varieties the color soon disappears. However, in the latter group 
the purple color remains until maturity, especially in the steins. 
There are varying shades of green, but this occurs in both white- 
seeded and colored-seeded varieties. The tepary and Lima beans 
have distinctly dark green seedling leaves. The usefulness of this 
character is merely supplementary in description. 

Freeman (5) has pointed out tliat the length of seedling-leaf petiole 
is an easy method of distinguishing tepary beans from common 
beans. The petiole is very short in the former and considerably 
longer in the latter. 

The character of the seedling-leaf surface is useful in identifying a 
few varieties of the common field beans. The seedling-leaf surface 
in a majority of the varieties is smooth. However, there are marked 
gradations of smoothness, ranging from smooth in Navy Pea to 
very wrinkled in Vineless Marrow. The latter variety is readily 
distinguished by this character from White Marrow, a long trailing 
variety having seeds similar in size and appearance. 

Pubescence of the seedling leaf surface is useful largely in distin- 
guishing species of the genus Phaseolus. Varieties of the species 
acutifolius and lunatus have glabrous leaf surfaces while varieties of 
vvlgaris and unvUiflorus have pubescent leaf surfaces. 

Seedling characters are of limited value in the identification of 
varieties. 

CHARACTERS OF THE WELl.rDEVELOPED PLANTS 
Habit of Growth 

In habit of growth bean plants may be classified as bush (fig. 1) 
and trailing (fig. 2). The latter range from short to long trailing, 
while the former have less range in height due to their habit of growth. 

Bush beans are characterized by a determinate growth habit. 
The plants are erect and have from five to eight nodes in the main 
axis and terminate in an inflorescence. Emerson (4), p [4] gives the 
characteristics of bush beans as follows: 

The main a.xis is terminated by an inflorescence when from about four to eight 
internodes iiave developed and can not be forced to make further growth tho 
provided with the most favorable conditions of moisture and tempcrat\ire, and 
even tho the flowers be removed to jircvent the drain of seed production. 

He believes that the common bush bean is a mutation from the 
pole bean. 

Trailing beans have an indeterminate habit of growth. The plants 
range from erect (fig. 3) to decumbent (fig. 4) in habit. They may 
also be grouped as short and long trailing. The short- trailing forms 
have from 11 to 16 nodes, while the long-trailing forms may have as 
many as 28 or 30. The first flower clusters appear rather near the 
base of the stem and the others progressively higher as new nodes 
are formed. Emerson (4) found that if favorable conditions for 
growth are provided and if heavy seed production is prevented, pole 
beans can be kept growing for a long time. 
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Height 

Height obviously is determined by number of nodes and intemode 
length. Some trailing varieties have long internodes, others have 
short ones. For example, White Marrow, in 1920, had an average 



Figure l.—Bush habit of Improved Qoddard 


of 17 nodes with an intemode length of 7.8 cm, while Red Indian 
had the same number of nodes with an average internode length of 
4 cm. There appears to be a similar variation in bush varieties. 
For example, in 1920, Red Kidney had an average of 7 nodes with an 
intemode length of 6,4 cm, while Selection No. 90 had an average of 
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6 nodes with an internode length of 5.7 cm. Emerson 4) reports 
the existence of distinct types of bnsh beans with respect to both 
number and length of internodes. He found this to hold for pole 



Figure 2 —Trailing habit of the Navy Pea, variety Robust 


beans. Data reported in this study were taken wdien the plants had 
reached approximately their maximum height. The measurements- 
were taken of representative plants and recorded in centimeters. 
The number of nodes was determined by averaging the actual count 




10 


Journal of Agricultural Renearch 


Vol. 46, No. 1 


of 10 representative plants. Both of these determinations were 
made for the years 1919 and 1920. 

CoLort OF Lkavkp and Stkms 

The color of fully develoi.)ed leaves and steins in the majority of the 
varieties is green throughout. However, in some dark-seeded varie- 



ties, such as Black Turtle Soup, Zebra, and Selection No. 121, the 
stems are tinted purple. These same varieties have dark-green 
leaves. On the other hand, Lady Washington, a white-seeded variety 
has dark-green leaves. Consequently there appears to be no correla- 
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tion between the intensity of green color of the leaf and the color of 
the seed. 

Size and Shape of Leaves 

The size of the mature leaf varies closely with the size of the seed. 
On a single plant, leaves vary from small near the growing tip to 
large where they are fully developed. Previous writers have used 
size of the leaf in the description of varieties. Irish (7) gives the size 



Fioure 6.— Fully developed leal of the Navy Fea, variety Robust 


in actual measurements while Tracy {13) and Jarvis (5) use such 
general terms as large, medium, and small. Freeman (J) gives 
averages of 100 mature leaves taken at random for length and breadth 
to show that tepary leaves are smaller than common bean leaves. 
Hendry {6) tabulates length and breadth dimensions for the median 
leaflet of the varieties grown in California. The use of absolute 
measurements in the description of varieties with a species appears 
to be impractical because of the wide variation in size of the leaf on a 
single plant. In these descriptions all determinations of size were 



July 1, 1932 


Classification oj Varieties oj Field Beans 


13 


made on fully developed leaves of the variety concerned. The leaf 
shown in Kiffure 5 is described as small, that shown in Figure 6 as 
jnedium, and that shown in Figure 7 as large. 

Mature leaves vary in shape and character of the surface. The leaf 
shown in Figure 5 is described as small and short pointed, that shown 
in Figure 6 as medium and long pointed, and that shown in Figure 8 



Fkiure 6.— Fully developed leaf of the variety Ruhy Horticultural Bush 


as broad and short pointed. Mature leaf surfaces are referred to as 
crumpled (fig. 9) and as smooth (fig. 8). 

Color of Flowers 

Color of blossom was determined by careful comparison of newly 
opened flowers with the colors of a standard chart 0 . 2 ), Since there 
is a variation in color in the different parts of the corolla, the color 
was determined for the standard and the wings. Previous writers 
have recognized color of blossom, but have usually described it in 
general terms such as ^^pink'^ or ^‘violet.'^ Tracy {IS) refers to the 
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use of a color chart published by Henri Dauthenay, but does not give 
specific citation to color plates. 



f louKE 7.--Fully developed leaf of the variety White Marrow 
Time of Matueity 

Time of maturity is of considerable economic importance, for the 
l^iigth of the growing season limits the growing of some types of 
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beans which are late in maturing. In identifying varieties otherwise 
similar in seed and plant characters, the time of maturity is of decided 
importance. For example, Snowflake and Robust have seed and 
plant characters which are similar, but the former matures approxi- 
mately two weeks earlier than the latter when planted at the normal 
date. Time of maturity as referred to in this study applies to environ- 
mental conditions as they are at University Farm. 



Fkjure 8.— Fully developed leaf of the variety Ankara Yellow 


Phoductivenebs 

As a descriptive character productiveness undoubtedly merits 
consideration. Jarvis {8) and Tracy {IS) use comparative terms to 
express yields of green snap pods. Hendry {6) and Freeman (J) give 
yields in tabular fonn showing the relative yielding power of the 
varieties described in their localities. Data on yielding power are of 
necessity restricted to a given locality. In this discussion four 
degrees of comparison are used, namely, low, medium, productive, 
and very productive. In the majority of cases these comparisons 
are based upon plot tests (8 by 18 feet) repeated four times over a 
period of three to four years. 
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Disease Resistance 

Disease-resistance data are reported for the crop years 1919, 1920, 
and 1922. Anthracnose (fig. 10) was the most serious disease 
prevalent, Leach (9) found at least eight distinct biologic fonns of 
this disease. The data are based upon injury to the green pods. It 
is apparent from the figures shown that there is a wide variation in 
the susceptibility of varieties to anthracnose. Blight (fig. 11) was 
less prevalent, and notes were taken on its development only on the 



Figure O.—Fully developed leaf of the variety Eureka 


green pods. Leaf rust occurred on several of the late-maturing 
varieties in 1919 and 1921. (Fig. 12.) Under the rather humid 
condition which prevailed throughout the growing season of 1919 
anthracnose did considerable damage, but the rather dry growing 
season of 1920 apparently checked its development. 

POD CHARACTERS 

Characters of the pods are not influenced so much as the vegetative 
parts by the environment and therefore are more useful in distinguish- 
ing varieties, 
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Figure l2.~Leaf'rust pustules on upper and lower leaf surfaces of beans 



Figure 13.— Colored mature pod of Selection No. 148 (l) and color- 
less mature pod of Arikara Yellow (2) 
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Color 

Many varieties develop a characteristic pod color just as they 
approach maturity. Selection No. 148, for example, shows very 
marked purple-splashed areas (fig. 13) which are permanent, while 
Red Kidney (fig. 14-1), 
which often has red-tinged 
areas on the immature 
pods usually shows no col- 
or in the diy mature state. 

Great Northern, a white- 
seeded variety, often de- 
velops purple-splashed 
areas which are pemiancnt . 

Color in pods is described 
as found at the period ap- 
proaching maturity. Ob- 
servations in these cultures 
indicated no consistent 
correlation between pod 
color and other coloration 
in the plant. This is in 
accord with the findings of 
Shaw and Norton (11). 

Shape 



Shape of pods has been 
used in descriptions by 
Irish (7) and Tracy {13). 

The foriTierintrodiJces into 
his classification shape of 
pods as seen in lateral 
view, while the latter in- 
troduces the shape of pod 
as seen in cross section. 

Both of these workers 
considered the pod as found 
in the immature condition. 

Since pod characters are 
rather fixed, both lateral 
and ventral views are used 
in this classification. In 
the lateral view pods are 
described as long and 
straight (fig. 15-1), short 
and straight (fig. 15-3), 
long and curved (fig. 15- 
2), short and curved (fig. 

15-4), and as curved at the free end and reflexed at the stem end 
(fig. 15-5). In ventral view the pods are referred to as flat (fig. 16-2) 
and as rounded (fig. 16-1). Pods which are broad in ventral view 
are described as rounded. 


FiQUBfi 14— Colorless mature pods of Red Kidney (i) and 
Selection 00 (2), sho\\lng tapering pod apices 
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Texture 

Mature pods of field beans vary in texture from coame, thick, and 
fibrous to thin, papery, and fibrous. The coarse type is represented 
by Vineless Marrow (hg. 17-1) and the papery type by Great North- 
ern (fig. 17-2). 



FiGVRE 15.— 1, Long, straight pod of Rod Kidney; 2, long curved pod of Haricot; 3, short straight 

S od of Selection 109; 4, short curved pod of Brown Swedish 144; 5, pod curved at free end and re* 
exed Rt stem end of Selection 162 


Length and Width 

Length and width of pod have been used in descriptions by previous 
writera. The general tenns ‘Tong” and “short” are employed. 
Tracy {IS) gives approximate length ininchesof snap pods. Hendry 
{6) tabulates pod dimensions in length, breadth, and thickness. In 
the present descriptions it seemed desirable to present actual meas- 
urements for length and width of the dry mature pods made with a 
caliper to tenths of a centimeter. Length was measured from the 
tip of the spur to the juncture of the pod and the pedicel. 




July 1, 1032 


Classification oj Varieties of Field Beans 21 


Width was measured at the widest axis, which was found to be at 
approximately the second seed from the spur. Pods measuring 0.9 
cm or less in width are considered narrow and all over 1.1 cm as 
wide. Pods with widths in 
between these arbitrary 
limits are considered in- 
termediate. 

Apex 

Pod apex as used in these 
descriptions is that portion 
of the pod between the base 
of the spur and the point 
where the pod begins to 
taper toward the free end. 

Apparently previous writers 
have not distinguished be- 
tween pod apex and spur. 

For example, in describing 
the pod of White Kidney, 

Tracy {IS) uses the expres- 
sion point of pod medium 
in length and straight, 
while Jarvis {8) uses the ex- 
pression “moderately stout 
straight point.'’ F rom these 
quotations it seems that it 
can be safely inferred that 
they had reference to the 
pod spur. Differences in 
pod apex may readily be 
seen by examining the apex 
of Selection No. 90 (fig. 

14-2) w hich tapers off grad- 
ually toward the spur, while 
in Selection 109 the apex 
tapers off rather abruptly 
toward the spur (fig. 15-3). 

The former type of ajiex is 
described as elongated and 
the latter as abrupt. 

Spuu 

The term “spur" as used 
in these descriptions refers 
to the narrow projection at 
the free end of the pod be- 
ceases 
point 

was determined in order to 
have a somewhat definite point from which to measure the length of the 
spur. When the spur extends in line with the ventral suture, it is de- 
scribed as marginal. (Fig. 15-3.) When it extends from a point not 
in line with the ventral suture, it is described as not marginal. (Fig. 




FiuuRB 16.— Rounded pod of Vineless Marrow (1) and flat 
pod of Pearce Improved (2) 
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15-1.) Spurs are curved (fig. 15-3) or straight (fig. 15-1). Straight 
spurs are those which extend approximately in a straight line with 
the longitudinal axis of the free end of the pod. Curved spurs are 
those which bend away from a straight line with the longitudinal 
axis of the free end of the pod toward the dorsal suture. 



Figure 17.— -Coarse pod of Vineless Marrow (l) and thin, papery pod of 
Great Northern (2) 

Shape 


DRY-SEED CHARACTERS 

Dry seeds are used 
exclusively in Jarvises 
(8) key for the classi- 
fication of American 
varieties of beans. 
All writers have given 
seeds a prominent 
place in description, 
which is in accord 
with the practice 
reported in this 
study. 

Size 

Size of the dry seeds 
as reported in this 
discussion is expressed 
in their three dimen- 
sions and number of 
seeds per 1,000 g. 
Each measurement 
was taken with a mi- 
crometer at the broad- 
est axis and read to 
O.Ol mm. The meas- 
urements reported in 
this study are largely 
based on 1 00 determi- 
nations. In the ma- 
jority of cases the 
weighings represent 
the actual weight* of 
1,000 seeds. All 
weighings were made 
on a No. 17 Troemner 
balance. 


Shape of dry seeds has been recognized by the majority of writers 
as a characteristic of value in classification. Von Martens {10) 
based his major groups upon shape, while Jarvis {8) recognized work 
done by Gilmore at Cornell in grouping field beans into four market 
groups, namely, kidney, marrow, medium, and pea. In the present 
classification seeds are grouped as reniform (fig. 18-1, 2) and not 
reniform (fig. 18-3 to 6, inclusive). In cross section the seeds are 
described as flat (fig, 19-1, 2), intermediate (fig. 19-3, 4), and mund 
(fig. 19-5, 6). From the measurements taken a single factor was 



Figure 18.— Bean seed of the following varieties: 
1, Black Turtle Souj); 2, Improved (loddard; 
3, Vineless Marrow; 4, Eureka; 5, Pearce Im- 
proved; «, Wild Goose 


Figure 19.— Bean seed and cross wsections of the fol- 
lowing varieties: 1, Haricot; 2, Great Northern; 3, 
Burlingame; 4, Selection No. 106; 5, Vineless Marrow; 
6, Eureka 


Color 

Color of diy seeds has been used to distinj^iiish varieties by Von 
Martens and others. Chittenden (f) at Wisley places seed color 
second to pod texture in classifying Dwarf French beans. All writers 
have recognized color in a general way, but Freeman (5) was the first 
to give specific citations to a standard color chart. In these descrip- 
tions beans are arranged in two main groups with respect to color, 
namely, those with solid-colored seed coats (fig. 20) and those with 
patterned seed coats (fig. 21). All color types of beans may have 
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eye markings. The *‘eye'' as referred to in these descriptions is that 
small colored area surrounding the hilum and above the caruncle, as 
shown in Figure 22-4. Eyed varieties frequently have a narrow ring 
immediately surrounding the hilum. This is referred to as the 
hilum ring. Eyes may be patterned, as in Old Fashioned Yellow Eye 
(fig. 22-1), in which the eye is defined by an outer snuff brown ring. 
At each end of the hilum there is a Roman-ocher colored area, and at 
each side of the hilum there is a white area which frequently connects 
up with the white body color of the seed coat. Color patterns are 

distributed throughout the en- ^ -r-:- ^ r- 

tire seed coat or are localized in \ I ^ : 


an area of varying size surround- 
ing the eye. Beans ydth fully 
patterned seed coats are of three 
types, namely, those showing 
longitudinal stripes (fig. 21-1), 
those showing less definitely de- 
fined color areas (fig. 21-4), and 
those with definitely defined 



Fiouhe 20.— Solid-colored seed coats of beans of 
the following varieties: 1, White Kidney; 2, 
Brown Swedish; 3, Black Turtle Soup; 4, Ked 
Kidney 



Figure 21.— Patterned seed coats of beans of the fol- 
lowing varieties; 1, Zebra; 2, Uansen: 3, Iiiiproveti 
(Joddard; 4, Selection 148; 6-6, Mottled Red 
Indian 


color areas (fig. 21-5). Beans with color patterns surrounding the eye 
are of two types those showing one color (fig. 22, 1 and 2) and those 
showing two colors. 

The margins of the patterns surrounding the eye vary in extent 
and in definiteness. (Fig. 22.) All color determinations as heroin 
reported were made by comparing fresh, fully mature, dry seed with 
the colors of a standard chart {12), In a study of garden beans 
Shaw and Norton (11) point out that there is no consistent correlation 
between color of seed coat and color of flowers, which is in accord 
with the findings of this study of field beans. 
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SUMMARY OF CHARACTERS USEFUL IN CLASSIFYING FIELD BEANS 

1. The glabrous leaf character serves to distinguish Phaseolus lunalus and P. 

acutifolius A. Gray var. latifolius G. F. Freeman from P. muliijlorus Willd. 
and P. vulgaris L. 

2. Radiating lines from the hilum and shape and size of seed permit differentia- 

tion between P. lunatus and P. acutifolius var. latifolius. 

3. Tuberous roots characterize P. mullifiorus and a taproot with branches char- 

ter izes P. vulgaris. 

4. The seedlings of P. mullifiorus do not carry the cotyledons aboveground, 

whereas the seedlings of vulgaris do. 

5. The following characters may be used in classifying varieties of tlic common 

field bean: 

а. Habit of growth of the plants, bush or trailing. 

б. Numlier and length of internodes, 
c. Character of leaf surface. 
fl. Coh)r of flowers. 
e. Time of maturity. 

/. Pod shape, tcxtjire, and 

color. 

g. Pod dimensions, width 

and length. 

h. Position, length, and 

shape of .spur. 

i. Dry-seed characters — 

shape, size, color of seed 
coat, })resenco or ab- 
sence of eye markings, 
and color of eye. 

G. The following vegetative charac- 
ters may be used in describing 
varieties : 

o. Size, shape, color, and 
character of surface of 
seedling leaves. 
h. Color of mature leaves 
and stems. 

c. Size and shape of mature 
leaves. 

CLASSIFICATION AND DE- 
SCRIPTION OF FOUR OF THE 
ECONOMIC SPECIES OF THE 
GENUS PHASEOLUS 

The varieties of beans grown 
in the United States for human 
food edther in the form of immature pods containing the partially 
developed seeds, for shell beans or for the dry seed, are very largely 
included in four species of the genus Phaseolus. The four species 
may be classified as follows: 

A. Leaves glabrous. 

B. Seeds with conspicuous lines radiating from the hiluiri to the dorsal 
region; perennial in Tropics. Phaseolus lunatus L. Lima bean. 

BB. Seeds without conspicuous lines radiating from the hilum to the dorsal 
region. Phaseolus acutifolius A. Gray var. latifolius G. F. Freeman. 
Tepary bean. 

AA. Leaves pubescent. 

B. Roots tuberous, often perennial in warm climates, cotyledons not 
raised above the ground in the seedlings. Phaseolus mullifiorus. 
Runner bean. 

BB. Roots not tuberous, annuals, cotyledons raised above the ground in 
the seedlings. Phaseolus vulgaris L. Common bean. 

The following descriptions are largely from the Standard Cyclopedia 
of Horticulture by Bailey {2). 
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Fiocrk 22.— Eyes of beans of the following varieties: 
1, Patterned eye of Old Fashioned Yellow Eye; 2, 
Improved Yellow Eye; 3, ntotlled eye i)attern of 
China lied Eye; 4, Long Yellow 
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THE LIMA BEAN 

The Lima bean is of two main types, in botli of which occur dwarf or bush 
forms. Sieva type has slender stems, thin, short, broad, ovate, pointed leaflets 
except in the willow leaf forms. Flowers greenish white. Pods small, papery, 
curved apex ending in distinct spur, seeds small, flat. Relatively early. The 
Lima type is tall, robust growing, late maturing. Leaflets large and thick. 
Pods straight without distinct spur, seeds large, flat, or round. Commercial 
production of the large-seeded type of the Lima bean for the dry seeds is limited 
in the United States to the southern coast region of California. More Lima 
beans are produced in California than all the other species combined. 

THE TEPARY BEAN 

Plants twining, leaflets tliin, glabrous, ovate to broadly lanceolate, acuminate. 
Flowers on peduncles shorter than the leaves, white or pale violet, dry pods 
papery, flat, straight to slightly curved, with prominent spur. Seeds small, round, 
oval to nearly round to strongly flattened. A drought-resistaiit bean adapted to 
the hot semiarid regions of the Southwest desert region. Forms a small part of 
the dry beans of commerce. 

THE SCARLET RUNNER BEAN 

Plants tall, twining, slender, minutely pubescent. Leaflets thin, large, rhombic- 
ovate, and acute. Flowers on long racemes, pods long with distinct apex, seeds 
large, much flattened to nearly cylindrical. The Scarlet Runner, with red flowers 
and colored seeds, and the Dutch Case Knife, with white flowers and seeds, are 
the two most widely grown varieties of this species. 

THE COMMON BEAN 

Plants both l)U8h and trailing forms. Leaves and stems pubescent. I^eaflets 
pubescent, rhombic-ovate or ovate in shape, peduncles shorter than the petioles, 
few flowered. Flowers white, yellowish, or greenish white or lilac. Pods straight 
or distinctly curved, ending in a distinct spur. Immature pods of snap beans 
either yellow or green in color, those of field varieties green. 

The field varieties of the common bean are distinguished by their fibrous pods 
from the snap beans, which have very little or no fiber in the pods. 

Key to the Varieties of Phaseolub vulgaris 


A. 


Seeds white. » 

B. Plants bush. 

C. Seeds reniform to subreniform. 

D. Seeds flat, thickness less than 0.7 of width, p. 29 

- — French Dwarf Kidney 

DD. Seeds round, thickness at least 0.8 of width, p. 29 

White Kidney 

CC. Seeds not reniform or subreniform. 

D. Seeds round, thickness at least 0.8 of width, small, conspicu- 


ously veined, p. 29 Selection 90. 

BB. Plants trailing. 

C. Seeds reniform to subreniform. 

D. Seeds flat, thickness less than 0.7 of width. 

K. Pods wide, over 1.1 cm. 

F. Pods with uniform curve, p. 29 Haricot. 


FF. Pods curved at free and reflexed at stem end. p. 29-- 

Selection No. 162. 

EE. Pods intermediate in width, 1.1 cm or less. 

F. Pods distinctly curved. 

G. Average width pod 1 cm. p. 30 Great Northern 

GG. Average width pod 1.1 cm. p. 32 


Selection 97. 

FF. Pods slightly curved, p. 32 Selection 85. 

DD. Seeds intermediate, thickness 0.7 to 0.8 of width. 

E. Pods flat to intermediate, curved. 

F. Average pod width less than 1 cm. p. 32 

Lady Washington. 

FF. Average pod width 1 cm or over. p. 32- - Selection 106. 
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Pods round, curved. 

¥. Seeds not truncated, medium in size. p. 32_ __ Pilot, 

Seeds truncated, small, p. 32 Yankee Winter. 

DDD. Seeds round, thickness at least 0.8 width, p. 40 

. California Wonder. 


CC. Seeds not reniform or subreniform. 

D. Seeds fiat, thickness less than 0.7 of width. 

E. Pods broad, p. 40 Pearce Improved. 

DD. Seeds intermediate, thickness 0.7 to 0.8 widtli. 

Pods straight, broad. 

P\ Average thickness of seed over 0.7 of width. 

G. Average thickness 0.73 of width, p. 40 

Burlingame. 

GG. Average thickness 0.764 of width, p. 40 

Selection 154. 

F¥. Average thickness of seed 0.7 of widtn or less. 

G. Average length seeds over 0,9 cm. p. 40 

White Wonder. 

GG. Average Jejigth seeds 0.9 cm or less. p. 40 

Selection 81. 


EE. Pods curved, broad. 

F. Pods sharply curved, very broad, p. 40 

French White. 


P'P'. Pods slightly curved. 

G. Nodes 18-24. p. 41 White Marrow. 

GG. Nodes 13-15. p. 41 Selection 100. 

DDD. Seeds round, thickness at least 0.8 of width. 

E. Seeds large, p. 41 Vineless Marrow, 

EE. Seeds small, 

F. Pods curved, narrow. 

G. Early maturing. 

H. Seeds not truncate, p. 41 Snow-flake. 

IlH. Seeds truncate, p. 41 Selection 152. 

GG. Medium maturing. 

H. Seeds not distinctly truncate, p. 41 

Navy Pea. 

HH. Seed truncate, p. 41- Robust. 

GGG. Late maturing. 

H. Spur short, less than 0.6 cm. p. 42_ 

Selection 111. 

HH. Spur medium length, between 0.6 and 0.9 cm. 

p. 42 Selection 112. 

FF. Pods straight or reflexed, raidlong, frecjuently tinted 
purple, p, 42 Blue Pod; 

A A. Seeds colored, 

B. Plants determinate in growth, bush ft)rm. 

C.^ Seeds reniform to subreniform. 

D. Seeds intermediate in thickness 0.7 to 0.8 of width. 

E. Seeds one color. 

1 . Seeds garnet brown. 

G. Seeds intermediate, p. 42_- Red Kidney. 

GG. Seeds flat. p. 42 Selection 123. 

Ft . Seeds }jlum violet, p. 42 _ Selection 149. 

FFF. Seeds chamois, p. 42 Long Yellow. 

EE. Seeds more than one color. 

F. Seeds flesh color, mottled garnet brown. 

p. 43--. Improved Goddard. 

DD. Seeds round, thickness greater than 0.8 of width. 

E. Seeds more than one color. 

F. Seeds tan, mottled, madder brown, p. 43- 

— Emperor of Russia, 
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EE. Seeds one color. 

F. Seeds Roman ocher. 

G. Mature pods curved. 

H. Pods long. 

I. Seeds eyed. 

J. Stippled, p. 43- - - Brown Norwegian. 
JJ. Not stippled, p. 43 — Selection 140. 
II. Seeds without eye. p. 43 — Selection 150. 
HH. Mature pods short, distinctly curved, p. 43-- 

Selection 141. 

GG. Mature pods straight, p. 43__ Selection 161. 

FF. Seeds Naples Yellow, p. 43 Selection 156. 

CC. Seeds not reniform or subreniform. 

D. Seeds round, thickness of at least 0.8 of width. 

E. Seeds solid color. 

F. Seeds Naples Yellow, p. 44 - Eureka. 

FF. Seeds Roman ocher. 

G. Seeds eyed. 

H. Seed coat not stippled, p. 44 

Brown Swedish. 


HH. Seed coat stippled, p.44 

Selection 135. 

GG. Seeds not eyed. p. 44 Selection 145. 

EE. Seeds more than one color. 

F. Seeds witn irregular ox-blood red pattern at hilum. 

p. 44 China Red Eye. 

FF. Seeds with small irregular yellow ocher pattern at eye. 

p. 44 dd Fashioned Yellow Eye. 

BB. Plants indeterminate in growth, trailing. 

C. Seeds reniform to subreniform. 

D. Seeds flat, thickness less than 0.7 width. 

E. Seeds one color. 

F. Seeds raw sienna, p. 45 Arikara Yellow. 

FF. Seeds black, p. 45 - . Black Tiirtle Soup. 

FFF. Seeds plum violet in color. 

G. Spur medium length, between 0.6 and 0.0 cm 

p. 45 . --Hidatsa Red. 

GG. Spur long, over 0.9 cm. p. 45 Selection 128. 

FFFF. Seeds snuff brown, p. 45 Selection 147. 

EE." Seeds more than one color. 

F. Seeds dull purple lake, stippled, p. 45 Selection 142. 

FF. Seeds with longitudinal color bands. 

G. Seeds smoke gray with black bands, p. 46__ 

Zebra. 

GG. Seeds stone colored with vinous mauve bands. 


p. 46 Hansen. 

FFF. Seeds with irregular color pattern . 

G. Seeds pale yellow flesh, marked with black. 

p. 46 Selection 148. 

GG. Seeds salmon flesh, marked with snuff brown, 
p. 46 Garaypata. 


GGG. Seeds plum violet and white, p. 46 

Mottled Red Indian. 

DD. Seeds intermediate in thickness, 0.7 to 0.8 of width. 

E. Seeds one color, 

F. Seeds raw sienna, small in size. p. 47 Bayou Chico. 

FF. Seeds pale pink in color, large in size. p. 47-- 

Bayou Grande. 

FFF. Seeds pink in color, p. 47 Pink. 

EE. Seeds more than one color, 

F. Seeds flesh color, mottled sepia, p. 47 Wild Goose. 

GC. Seeds not reniform or subreniform. 

D. Seeds round, thickness over 0.8 of width. 

E. Seeds more than one color. 

F. Seeds with large sharply defined yellow ocher eye 

pattern, p. 47 Improved Yellow Eye. 

FF. Seeds flesh color mottled garnet brown, p. 47--, 

— Ruby Horticultural Bush. 
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DESCRIPTIONS OF VARIETIES OF FIELD BEANS 

Seed from the various sources was first g:rown under the name 
attached. The names were retained with the types that were true to 
known variety description. Others were given correct names as they 
were identified, or, if they were not identified, they are reported here 
by selection number only. Types selected from certain seed stocks, 
some of which are probably due to hybridization and therefore not 
true to any known variety description, are also listed under selection 
number. Many unidentified types were grown in culture. Since 
their performance rec.ord did not warrant continuation they were 
discarded. Numbers are carried with the retained varieties for 
reference. 

VARIETIES WITH WHITE SEEDS 

All varieties with white seeds have leaves and stems green through- 
out. Difl’erences in shade of green are mentioned in the descriptions 
when they are distinct. All the white-seeded varieties used have 
white flowers. 

Fkknch Dwarf Kidney, No. 115 

Plants strictly l.)\ish, height 35 cm, nodes 5-6. Leaves large. Mature pods 
not colored, slightly curved, luedium texture, hat. Pod length 10.33 and width 
1.16 cm. Seeds per pod 4.9. Spur not marginal, curved, length 1.02 cm. Dry 
seeds reniform: length 1.291), width 0.70, and thickness 0.476 cm. Thickness 
0.678 of width. Seeds hat; 3,664 seeds i)er 1,000 g. Color, milk white {12^ 
p. 11-1/2). (Figs. 23-7 ; 26 -4 .) Late, low productivity, resistant to anthracnose. 
From Vilmorin & C'o., Paris, France. 

White Kidney, No. 104 

Plants strictly bush, height 45-50 cm, nodes 5-6. Leaves large, broad, long 
pointed. Mature pods not colored, straight, round, length 12.966 cm, width 
0.978 cm. Seeds per pod 4.1. Apex abrupt. Spur not marginal, straight, 
length 1.464 cm. Dry seeds reniform; lengtli 1.597, width 0.729, thickness 
0.555 cm. Thickness 0.760 of width; seeds intermediate; 2,067 seeds per 1,000 g. 
(\)lor, milk white {12, p. 11~1, 2). (Figs. 23-8; 26-5.) Late, low productivity, 
resistant to anthracnose. From Miniiesota Agricultural Experiment Station. 
St. Paul, Minn., and several seed houses. 

Selection 90 

Plants strictly l)ush, height 28-34 cm, nodes 5-6. Leaves medium size, long 
pointed. Mature pods not colored, distinctly curved, round, length 0.025, width 
0.956 cm. Heeds per pod 4.6. Spur, marginal, straight, length 1.244 cm. Dry 
seeds not reniform, conspicuously veined, length 0.873, width 0.651, thickness 
0.563 cm. Tliickness 0.864 of width. Heeds spherical; 4,473 seeds per 1,000 g. 
Color fleshy white {12 p. .9). (Figs. 23-9; 26-6). Early, low productivity and 
quality, resistant to anthracnose. From Canada. 

Haricot, No. 103 

Plant long trailing, height 75 to 140 cm, nodes 14-18. Leaves large, broad, 
short pointed. Seedling leaves rough wrinkled. Mature pods not colored, 
medium texture, curved, flat, length 12.216, width 1.241 cm. Seeds per pod 4.2. 
Apex elongate. Spur marginal, curved, length 1.348 cm. Dry seeds reniform; 
length 1.423, width 0.818, thickness 0.480 cm. Thickness 0.687 of width. Seeds 
flat: 2,597 seeds per 1,000 g. Color milk white {12, p, 11-1, 2). (Figs. 23-10; 
26-7.) Very late, medium productivity, resistant to anthracnose. 

Selection 162 

Similar to Haricot; nodes 17-22. Mature pods not colored, curved at free 
end and reflexed at stem end, medium texture, length 12.53, width 1.397 cm. 
Apex .elongate. Spur marginal, curved, length 1.027 cm. Dry seeds reniform; 
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length 1.325, width 0.762, thickness 0.483 cm. Thickness 0.633 of width. Se^s 
flat; 2,584 seeds per 1,000 g. (Figs. 23-11; 26-8.) Very late, low productivity, 
resistant to anthracnose. 



Figure 23,— Side and ventral views of riiie seeds: 1, Dwarf Lima; 2, White Tepary; 3, Yellow 
Tepary: 4, Mottled Tepary; 6, Black Tepary; 6, Scarlet Runner; 7, French Dwarf Kidney, No. 
115; 8, White Kidney, No. 104; 9, Selection 90; 10, Haricot, No. 103; 11, Selection 162; 12, Great 
Northern, No. 78; 13, Selection 97; 14, Selection 86; 15, Selection 163; 16, Selection 85; 17, Selection 
166; 18, Lady Washington, No. 82; 19, Selection 106; 20, Selection 89; 21, Selection 164; 22, Pilot, 
No, 83; 23, Yankee Winter, No. 107; 24, California Wonder, No. 91; 2.5, Pearce Improved, No. 

70; 26, Burlingame, No. 80; 27, Selection 109; 28, Selection 154; 29. Schofield Pea, No. 88; 30,'iWhite 
Wonder, No. 92; 81, Selection 81; 32, French White, No. 98; 33, White Marrow, No. 87; 34, Selection 
100; 35, Vineless Marrow, No. 79. X Ho. 

Great Northern, No. 78 

Plant short trailing, height 70.75 cm, nodes 18-20. Leaves medium size, 
short pointed. Mature pods often splashed purple, distinctly curved, flat, 
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paltry in texture, length 9.296, width 1.013 cm. Seeds per pod 4 8 Anex 
slightly elongated. Spur marginal, curved, length 0.899 cm. Dry seeds reni 
form; length 1.325, width 0.715, thickness 0.477 cm. Thickness 0.667 ^ widtlu 



I’loiJRK 24.'--8ide and ventral views of ripe seeds; 36, Navy Pea. No 04- 37 Knowllnkp Nn 7/i- •<» 
Selection 152; 39, Wolverine, No. 110; 40, Robust, No. 76; 41, French Dwarf Rice^N^^^ Sif’ 

tion 112 ; 43, Select on 111 ; 44, Blue Pod, No. 102 ; 46, Red Kidney.X. l^o! 46. 

Selection 140; 49, Brown NorwepJan, No. 133; 60, Selection 160* 
1 Selection 161; 53, Selection 166; 64, Eureka, No. 130: 55 Brown Swedish Nn’ 
‘^olactlon 146; 58, China Red Eye, No 151*59 Old Fashioned Yellnw*FvB* 
Mn’ 5 Arikara Yeilow, No. 117; 61. illac;k Turtle Soup, Nrii8%2, SelSio^^^^^^^ 

t eS’ Selection 148; 66, Oaraypata, No. 127; 67 Mottled Red Indian* 

No. 167; 68, Bayou Chico, No. 158; 69, Bayou (Jrande, No. 159; 70, Wild Goos^ No. 12lf*^X Ho.*”' 


*• , white (12, p. 10-1, 2). (Figs. 

Iwm^ith productive, susceptible to anthracnose. 


32 


Journal of Agricultural Research 


Vol. 45, No. 1 


Selection 97 

Similar to Great Northern. Pods more curved, length 11.05, width 1.33 cm. 
Seeds per pod 5.2. Dry seeds, length 1.235, width 0.706, thickness 0.480 cm. 
Thickness 0.679 of width. Seeds flat. (Figs. 23-13; 27-2.) Received under 
name of French Dwarf Kidney. 

Selection 85 

Similar to Great Northern. Pods only slightly curved, length 9.464, width 
1.015 cm. Seeds per pod 5.1. Dry seeds less reniform, length 1.203, width 0.713, 
thickness 0.502 cm. Thickness 0.704 of width. Seeds flat.' (Figs. 23-16; 27-3.) 

Lady Washington, No. 82 

Plant short trailing, height 65-70 cm, nodes 17-20. Leaves dark green, medium 
size, short pointed. Pods medium texture, not colored, slightly curved, flat, 
length 9.790, width 0.873 cm. Seeds per pod 5.5. Apex elongated. Spur mar- 
ginal, curved, length 0.965 cm. Dry seeds subreniform, ends round, length 0.899, 
width 0.607, thickness 0.430 cm. Thickness 0.708 of width. Seeds flat; 5,544 
seeds per 1 ,000 g. Color milk white p. 11~J, 2). (Figs. 23 18; 27-4.) Late, 



Fkjurk 26.~Slde and ventral view.s of ripe seeds: 71, Bidatsa Re<I, No. 131; 72, Selection 128; 73, 
Selection 136; 74, Selection 147; 75, Improved Yellow Eye, No. 120; 76, Ruby Horticultural Rush, 
No. 129; 77, Selection 143; 79, Pink, No. 160; 80, Small White, No. 106. X 9 io. 


medium productivity, resistant to anthracnose. Not well adapted to this section. 
From Germaine Seed Co., Los Angeles, Calif. 

Selection 106 

Similar to Lady Washington. Mature pods, length 10,968, width 1.067 cm. 
Seeds per pod 5.0. Apex abrupt. Spur marginal, curved, length 0.833 cm. 
Dry seeds, length 1.164, width 0.680, thickness 0.505 cm. Thickness 0.741 of width; 
3,494 seeds per 1,000 g. (Figs. 23-19; 27-5.) Productive. Susceptible to anthrac- 
nose. Received under the name of Small White. 

Pilot, No. 83 

Plant short trailing, height 60-65, cm, nodes 16-18. Leaves medium size, 
short pointed, dark green. Mature pods not colored, curved, length 9.585, width 
1.475 cm. Apex abrupt. Spur not marginal, curved, length 1.437 cm. Seeds 
per pod 5.2. Dry seeds, length 0.824, width 0.617, thickness 0.512 cm. Thick- 
ness 0.830 of width. Seeds round; 4,237 seeds per 1,000 g. Color milk white 
^2 f p. 11-1, 2). (Fig. 23-22.) Productive, resistant to anthracnose. From Will 
Seed Co., Bismarck, N. Dak. 

Yankee Winter, No. 107 

short trailing, height 65-75 cm, nodes 18-22. Leaves small, short pointed. 
Mature pods not colored, slightly curved, round, medium texture, ventral suture 
depressed, length 8.948, width 0.762 cm. Apex slightly elongated. Spur marginal, 
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Figurb 26.— Side view of mature pods: 1, Dwarf Lima; 2, White Tepary: 3, Yellow Tepary: 4, French 
Dwarf Kidney, No. 116; 5, White Kidney, No. 104; 6, Selection 90; 7, Ilaricto, No. 103; 8, Selec- 
tion 162. XMo 


] 340 r > 7— .*^2 8 
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Figure 27.— Side view of mature pods: 1, Great Northern, No. 78; 2, SeleiJtion 97; 3, Selection 86; 4, 
Lady Washington, No. 82; 6, Selection 106; 6, Selection 164; 7, Yankee Winter, No. 107; 8, Califor- 
nia wonder, No. 91; 0, Pearce Improved, No. 70; 10, Burlingame, No. 80. . X Ko 
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Figure 28.~-Side view of mature pods: 1, Selection 109; 2, Selection 164; 3, Schofleld Pea, No. 88; 4, 
Selection 81; 6, White Wonder, No. 92; 6, French White, No. 98; 7, Whit« Marrow, No. 87; 8, 
Selection 100; 9, Vineless Marrow, No. 79. X Mo 
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Fjgurk 30.-~Sl(ie view of mature pods: 1, lied Kidney, No. 116: 2, Louj; Yellow, No. 124: 3, Im- 
proved Goddard, No. 139; 4, Selection 140; 6, Brown Norwegian, No. 133; 6, Selection 150; 7, Selec- 
tion 141; 8, Selection 161; 9, Selection 166. X Mo 
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Kiourk ai. -Sicie view of mature pods: 1, Eureka, No. J30; 2, Brown Swedish, No. 144; 3, Selection 
135; 4, Selection 146: 6, China Red Eye, No. 161; 6, Old-Fashioned Yellow Eye, No. 126; 7, Arikara 
Yellow, 117; 8, Black Turtle Soup, No. 118; 9, Selection 142; 10, Zebra, No. 126. X J'io 
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Fiourk 32.—Side view of mature pods: 1. Hansen, No. 122; 2, Selection 148; 3, (laraypata, No. 127; 4, 
Bayou Chico, No. 168; 6, Bayou Grande, No. 159; 6, Wild Goose, No. 121; 7, Hidatsa Red, No. 131; 
8, Selection 147; 9, Improved Yellow Eye, No. 120; 10, Ruby Horticultural Bush, No. 129. X Mo 
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curved, length 0.719 cm. Seeds per pod 6.2. Dry seeds reniform, ends truncate, 
length 0.844, width 0.664, thickness 0.429 cm. T^liickness 0.762 of width. Seeds 
intermediate; 6,644 seeds per 1,000 g. Color milk white {12^ p, 11-1, 2). (Figs. 
23-23; 27-7.) Very late, low productivity, susceptible to anthracnose. From 
an exhibit at the Minnesota State fair. 

California Wonder, No. 91 

Plant short trailing, height 90-120 cm, nodes 18-24. Leaves small, short 
pointed. Mature pods not colored, medium texture, curved, length 9.570, width 
0.887 cm. Seeds per pod 5.9. Apex slightly elongated. Spur marginal, curvecl, 
length 0.808 cm. Dry seeds subreniform, ends round, length 0.938, width 6.34, 
thickness 0.513 cm. Thickness 0.808 of width. Seeds round; 4,905 seeds per 1,000 
g. Color milk white (12, p. 11-3, 4). (Figs. 23-24; 27-8.) Late, medium pro- 
ductive, susceptible to anthracnose. From Northrup, King & Co., Minneapolis, 
Minn. 

Pearce Improved, No. 70 

Plant short trailing, height 80 to 110 cm, nodes 16-22. Leaves medium size, 
short pointed. Mature pods not colored, thin, very fiat, curved, Icjigth 10.275, 
width 1,23 cm. Seeds per pod 4.2. Apex abrupt. Spur curved, marginal, 
average length 1.098 cm. Dry seeds not reniform, ends truncated, length 1.176, 
width 0.761, thickness 0.494 cm. Thickness 0.649 of width. Seeds flat; 3,185 
seeds per 1,000 g. Color milk white (12, p. 11-1, 2). (Figs. 23-25; 27-9.) 
Very late, productive, susceptible to anthracnose. PVom Ontario Agricultural 
Coliege, Guelph, Ontario. 

Burlingame, No. 80 

Plant short trailing, height 80-90 cm, nodes 15-16. Leaves medium size, 
short pointed. Mature pods not colored, medium texture, straight, flat, length 
10.146, width 1.163 cm. Seeds per pod 4.5. Spur marginal, curved, length 1.151 
cm. Dry seeds not reniform, ends truncated, length 1 .087, width 0,735, tluckness 
0.538 cm. Thickness 0.730 of width. Seeds intermediate; 3,044 seeds per 

I, 000 g. Color milk white (12, p. 11-1, 2), (Figs. 23-26; 27-10.) Medium 
late, productive, susceptible to anthracnose. Synonyms Medium and Schofield 
Pea. P>om several seedsmen. 

Selection 154 

Similar to Burlingame. Mature pods slightly curved, less flattened. Length 
9.904, width 1.127 cin. Apex abrupt. Spur marginal, length 1.179. Dry seed, 
length 1.058, width 0.750, thickness 0.570 cm. Thickness 0.704 of widtli. Seeds 
intermediate. (Figs 23-28; 28-2.) From Ontario Agricultural College, Guelph, 
Ontario, under name bf Medium. 

White Wonder, No. 92 

Similar to Burlingame. Dry pods. Length 0.739, wddth 1.1 27 cm. Seeds per 
pod 3.9. Spur length 1.034 cm. Dry seeds, length 1.042, width 0.702, t hickness 
0.493 cm. Thickness 0.702 of width. Seeds flat. (Figs. 23 30; 28-5.) 

Selection 81 

Similar to White Wonder but shorter pod and shorter, flatter seed. Dry seed, 
length 0.898, width 0.070, thickness 0.457 cm. Thickness 0.680 of width. 
Seeds flat. (Figs. 23-31; 28-4.) 

French White, No. 98 

Plant short trailing, height 95 cm, nodes 16-18. Leaves medium size, short 
pointed. Mature pods not colored, thin, decidedly curved, very flat, length 

II. 767, wudth 1.297 cm. Seeds per pod 5.6. Apex abrupt. Spur not marginal, 
curved, length 1.028 cm. Dry seeds not reniform, ends round, length 1.113, 
width 0.740, tliickness 0.569 cm. Thickness 0.769 of width. Seeds intermediate; 
3,190 seeds per 1,000 g. Color milk white (12, p. 11-1, 2). (Figs. 23-32; 28-6.) 
Low productivity. From A. H. Huchting, Oceanside, Calif. 
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White Marrow, No. 87 

Plant long trailing, height 136-145 cm, nodes 18-24. Leaves large, long 
pointed. Mature pods not colored, medium texture, slightly curved, flat, length 
10.719, width 1.079 cm. Seeds per pod 6.8. Spur not marginal, curved, length 
0.905 cm. Dry seeds not reniform, ends round, length 1.021, width 0.097, thick- 
ness 0.560 cm. Thickness 0.809 of width. Seeds round; 3,827 seeds per 
1,000 g. Color milk white {12^ p. 11-1, 2). (Figs. 23-33; 28-7.) Very late, 
productive, susceptible to anthracnose. From several seedsmen. 

^ELECTION 100 

Similar to White M:iirow, but lower growing, 90 cm tall, and smaller number of 
nodes, 13-15. Dry-pod length 10.332, width 1.244 cm. Si)ur length 0.994 cm. 
Seeds per pod 5.5. Dry seeds, length 1.013, width 0.719, thickness 0.582 cm. 
Thickitess 0.809 of width. (Figs. 23-34; 28-8.) 

Vineless Marrow, No. 79 

Plant short trailing, height 80 cm, nodes 12-16. Seedling leaves wrinkled. 
Leaves large, broad, long jiointcd. Mature pods not colored, coarse, curved, 
round, length 10.539, width 1.104 cm. Seeds per pod 4. Apex elongated. Spur 
not marginal, straight to slightly ciirved, length 1.431 cm. Dry seeds not reni- 
form, ends round, length 1.129, width 0.762, thickness 0.676 cm. Thickness 
0.887 of width. Seeds round and seed coat often wrinkled; 2,180 seeds per 
1,000 g. Color milk white {12, p. U S, J,). (Figs. 23-35; 28-9.) Late, pro- 
ductive. very suscei)tiblc to anthracnose. From Ontario Agricultural College, 
Cuelj)!!, Ontario, and from several seedsmen. 

Snowflake, No. 75 

Plant short trailing, erect, height 75-80 cm, nodes 16-20. Leaves small, short 
pointed. Mature pods not colored, medium in texture, slightly curved, leijgth 
8.497, width 0.886 cm. Spur not marginal, length 0.804 cm. Seeds per ])od 5.3. 
Dry seeds not reniform, ends round, length 0,826, width 0.62, thickness 0.519 cm. 
Thickness 0.837 of width. Seeds round. Color milk white {12, p. 11-1, 2), 
(Figs. 24-37; 29-2.) Early nuituring, ])roductive. From Cregory & Sons, 
Poston, Mass., and from several other sources. Wolverine is similar with 
slightly more globose seeds. (Figs. 24-39; 29-4.) 

Selection 162 

Similar to Snowflake. Pods round, length 8.805, width 0.785 cm. Seeds per 
pod 5.7. Si)ur length 0.846 cm. Dry seeds truncated, length 0.818, width 
0.556, thickness 0.471 cm. Thickness 0.832 of width. Seed coat fleshy white 
{12, p. 0), veined. (Figs. 24 38; 29-3.) Early maturing, moderately i)roductive. 
FroJii a farm in Washington County, Minn., t>n which it had been grown for a 
number of years. 

Navy Pea, No. 94 

Plant short trailing, much branchetl, erect, height 75-80 cm, nodes 16-20, 
Leaves small, short pointed. Mature pods not colored, medium texture, slightly 
curved, length 8.644, width 0.882 cm. Seed.s per pod 4.9. Apex abrupt. Spur 
not marginal, curved, length 0.819 cm. Dry seeds not reniform, slightly trun- 
cated, length 0.813, width 0.605, thickness 0.523 cm. Thickness 0.864 of width. 
Seeds round ; 4.905 seeds jier 1,000 g. Color milk white {12, />. 1 f- 1, 2). (Fig. 24 36 • 
29-1.) Medium early maturing, i)roductive, resistant to anfhracTiose andbliglit 
From Northrup, I\ing& Co. of Minneapolis, Minn. French Dwarf Rice, No. 101 
is similar to Navy Pea. (Figs. 24-41 ; 29-6.) 

Robust, No. 76 

Similar to Navy Pea. Seeds more truncated and conspicuously veined. Pod 
measurements, length 8.895, width 0.886 cm. Spur length 0.810 cm. Seeds per 
pod 5.7. Dry seeds, length 0.844, width 0,600, thickness 0.499 cm. Thickness 
0.832 of width. Seeds round. Color fleshy wdiite {12, p. 9). Medium early 
maturing, very productive, resistant to anthracnose and blight. Mosaic not 
observed on plants. (Figs. 24-40; 29-5.) 
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Selection lU 

Similar to Navy Pea but clisiiuct in having shorter spur. Spur length 0.507 
cm. Pod measurements, length 8.335, width 0.90 cm. Seeds per pod 4.9. Dry 
seeds, length 0.848, width 0.633, thickness 0.526 cm. Thickness 0.831 of width. 
Seeds round. Late maturity. Medium productivity. (Figs. 24-43; 29~8.) 

Selection 112 

Similar to Navy Pea but later in maturity. Pod measurements, length 8.49, 
width 0.820 cm. Spur length 0.786 cm. Seeds per pod 5. Dry-seed mea.sure- 
rnents, length 0.817, width 0.577, thickness 0.491 cm. Thickness 0.849 of width. 
Seeds round. Color of seeds fleshy white />. ^>). (Figs. 24-42; 29-7.) Late 
maturity. 

Blue Pod, No. 102 

Plant short trailing, much branched, erect, height 110 cm, nodes 17-20. Leaves 
small, short pointed. Mature pods often tinged purple, straight to reflex curved, 
medium texture, round, length 9.430, width 0.768 cm. Seeds per pod 6.5, Apex 
abrupt. Spur not marginal, curved, length 0.762 cm. Dry seeds oval, ends 
round, length 0.807, width 0.553, thickness 0.451 cm. Thickness 0.816 of width. 
Seeds round, 7,158 seeds per 1,000 g. Color fleshy white {12^ p. 9) veined. (Figs. 
24-44; 29-9 and 10.) Very late, productive, resistant to anthracnose. From 
Lompoc Produce Co., Lompoc, Calif. 

VARIETIES WITH COLORED SEEDS 
Red Kidney, No. 116 

Plants strictly bush, height 46-50 cm, nodes 6 to 7. Leaves and stems green 
throughout. Ijeaves large, long pointed. Flowers, standard lilac {12, p. 1 70, 1-2 ) . 
Mature pods often splashed red, coarse, straight, length 12.572, width 1.064 cm. 
Seeds per pod 4.2. Apex slightly elongated. Spur not marginal, straight, length 
1.241 cm. Dry seeds reniform, ends round, length 1.563, width 0.725, thickness 
0,567 cm. Thickness 0.782 of width. Seeds intermediate; 2,539 seeds per 1 ,000 g. 
Color garnet brown (12, p. 164), (Figs. 24-45; 30 1.) Late, medium produc- 
tivity, anthraciiose resistant, bliglit susceptible. From New York (Cornell) 
Agricultural Experiment Station, Ithaca, N. Y. 

Selection 123 

Similar to Red Kidney but seeds flat. Mature pods, length 12.1 19, widt h 1.061 
cm. Seeds per ])od 3.9. Spur length 1.309 cm. Dry seeds, length 1.590, width 
0.782, thickness 0.516 cm. Thickness 0.659 of width; 2,193 seeds per 1,000 g. 

Dark Red Kidney, No. 149 

Similar to Red Kidney but seeds plum violet {12, p. 172, 4) and earlier in matur- 
ity. Pod measurements, lengtli 12.27, width 1.154 cm. Spur length 1.290 cm. 
Seeds per pod 3.9. Seed length 1.573, width 0.761, thickness 0.568 cm. Thickness 
0.747 of width. Susceptible to anthraciiose. From Michigan State College of 
Agriculture and Agricultural Experiment Station, 

Long Y'ellow, No, 124 

Plants strictly bush, height 44-46 cm, nodes 5-6. Leaves and stems green 
througliout. Leaves large, long pointed. Flowers, standard lilac {12, p. 176-3, 
4)i wings lilac (12, p, 176-1, 2). Mature pods not colored, coarse, slightly curved, 
length 12,405, width 0.908 cm. Seeds per pod 4.9. Apex slightly elongated. Spur 
not marginal, straight, length 1.363 cm. Dry seeds, subreiiiform; leitfth 1.387, 
width 0.706, thickness 0.537 cm. Thickness 0.760 of width; 2,757 seeds per 1,000 
g. Seed color chamois {12, p. 325-1, 2), eye color raw umber {12, p, 301), hilum 
ring Roman ocher (12, p, 327), (Figs. 24-46: 30-2.) Very early, medium pro- 
ductivity, resistant to anthracnose. From New York (Cornell) Agricultural 
Experiment Station, Ithaca, N. Y. 
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Improved Goddard, No. 139 

Plants strictly bush, height 42-44 cm, nodes b- 7. Leaves and steins green 
throughout. Loaves large, long pointed. Flowers, standard lilac {12, p. 176-3, 
4), wings lilac {12, p. 176-1, 2). Mature pods splashed red, coarse, slightly 
curved, length 13.11b, width 1.051 cm. Seeds per pod 4.1. Spur inarginai, 
straight, length 1.572 cm. Dry seeds reniform, ends round, length 1.583, width 
0.798, tliickness 0.554. Thickness 0.b94 of width. Seeds flat. 2,863 seeds per 
1,000 g. Color flesh {12, p. 67-1) mottled garnet browm {12, p, 164-4) t eye 
Homan ocher {12, p. 327). No distinct hilum ring. (Figs. 24-47; 30 3.) Very 
early, medium productivity, anthracnose resistant, blight susceptible. From 
New York (Cornell) Agricultural Experiment Station, Ithaca, N. Y. 

Emperor op Russia, No. Ill 

Plant strictly bush. Pod measurements, length 12.034, width 0.781 cm. 8pur 
length 1.415 cm. Seed per pod 5.2. Seeds reniform, length 1.415, width 0.620, 
thickness 0.539 cm. Thickness 0.869 of width. Seeds round. Color of seeds 
tan {12, p. 317- 1, 2) heavily mottled madder brown {12, p. 334, 1-2). From 
Sweden. 

Brown Norwegian, No. 133 

Plants strictly bush, lieight 40-42 cm, nodes 5-6. Leaves and stems green 
throughout. Leaves large, long pointed. Flowers, standard lilac {12, p. 176 3, 4) 
wings lilac {12, p. 176-1 , 2). Mature pods not colored, coarse, dehisce readily, 
slightly curved, round, length 12.267, width 0.900 cm. Seed per pod 4.5. fcspur 
marginal, length 1.37 cm. Dry seeds reniform, ends round, length 1.3S9, width 
0.b7B, thickness 0.548 cm. Thickness 0.807 of width 3,047 seeds per 1,000 g. 
Color, Roman ocher {12, p. 327 3, 4), stippled dark brown, eye snuff brown 
{12, p. 303), hilum ring Roman ocher {12, p. 327). (Figs. 24-49; 30-5.) Early, 
medium productivity. From Central Experimental Farms, Ottaw’a, Canada, 
under Ottawa No. 7i. 

Selection 140 

Similar to Brown Norw(‘gian but seeds are not sti})i)led dark brown. Mature 
pods not colored, coarse, dehisce readily, distinctl}^ curved, length 11.563, width 
0.881 cm. Seeds p(‘r pod, 4.7. Apex elongated. Spur marginal, length 1.328 
cm. Dry seeds reniform, ends round, length 1.339, width 0.681, thickness, 
0,561 cm. Thickness 0.822 of width. Seeds round. 2,746 sec'ds per 1000 g. 
Color Roman ocher {12, p. 327-3, 4)> eye snuff brown (l2, p. 303), hilum ring 
Roman ocher {12, p. 327). (Figs. 24-48; 30-4.) Early, medium productivity, 
susceptible to anthracnose and blight. From Owosso, Mich. 

Selection 150 

Similar to Selection 140 except seeds -without e^■e markings and pods distinctly 
sickle-shaped. Pod letigth 12.540, width 0.865 cm. Seeds per pod, 5.1. Spur 
length 1.128 cm. Dry seeds, length 1.361, width 0.073, thickness 0.552 cm. 
Thickness 0.819 of width. (Figs. 24-50; 30-6.) 

Selection 141 

Similar to Selection 140 except pods are shorter, length 9.820, width 0.913 
cm. Spur length 1.448. Pods distinctly sickle-shaped. Seeds per pod 4.1. 
Dry seeds, length 1.228, width 0.687, thickness 0.536 cm. Thickness 0.794 of 
width; 2,940 seeds jier 1000 g. (Figs. 24-51; 30-7.) 

Selection 161 

Similar to Selection 140 except jiods arc straight. Seeds per pod 5-6. Spur 
not marginal. Seeds less reniform and eve marking less distinct. (Figs. 24-52; 
30-8.) 

Selection 156 

Plants strictly bush, height 35-38 cm, nodes 6-7. Leaves and stems green 
throughout. Leaves large, dark green. Flowers white. Mature pods not 
colored, coarse, curved, flattened, length 9.589, width 1.082 cm. Seeds per pod 
4.2. Apex slightly elongated. Spur not marginal, curved length 1.235 cm. 
Dry seeds reniform, ends round, length 1.072, width 0.652, thickness 0.568 cm. 
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Thickness 0.870 of width. 2,633 seeds per 1,000 g. Color of seed Naples yellow 
{12, p. 29~1). (Figs. 24r-63; 30-9.) Early, low productivity. From Mada- 
waska, Canada. 

Extrbka, No. 130 

Plant strictly bush, height 42-44 cm, nodes 6-7. Leaves and stems green 
throughout. Leaves large oval, blunt pointed, crumpled. Flowers standard 
lilac (12, p. 176-3, 4), wings lilac (12, p. 176-1, 2), Mature pods not colored, 
coarse, straight, round, length 8.902, width 1.104 cm. Seeds per pod 4.6. Apex 
abrupt. Spur not marginal, straight, length 0.852 cm. Dry seeds, length 0.893, 
width 0.691, thickness 0.611 cm. Thickness 0.884 of width. Seeds spherical; 
3,772 seeds per 1,000 g. Color Naples yellow {12, p. 29-1). (Figs. 24-54; 31-1). 
Medium lat(^ medium productivity, anthracno.se and blight resistant. From 
New York (Cornell) Agricultural Experiment Station, Ithaca, N. Y., and from 
growers in Washington County, Minn. 

Bkown Swedish, No. 144 

Plant strictly bush, height 40-42 cm, nodes 6-7. Leaves and stems green 
throughout. Leaves large, long pointed. Flowers, standard lilac {12, p. 176-3, 
4), wings lilac (12, p. 176-1, 2). Mature pods not colored, coarse, dehisce 
readily at maturity. Distinctly curved, round, length 8.902, width 1.104 cm. 
Seeds per pod 4.6. Apex slightly elongated. Spur not marginal, straight, length 
0.852 cm. Dry seeds oval, ends round, length 1.064, width 0.706, thickness 
0.609 cm. Thickness 0.862 of width. 3,018 seeds per 1,000 g. Color lioman 
ocher {12, p. 327-3, 4)y eye snuff brown {12, p. 303), hiliirn ring Roman ocher 
{12, p. 327). (Fig.s. 24-'55; 31-2.) Early medium productivity, suHceptiblc 
to anthracnose and blight. From Northrup, King & Co., Minneajjolis, Minn. 

Selection 135 

Similar to Brown Swedish, except pods .straight with long spur un:l seeds 
stippled dark brown. Dry pod.s, length 10.46, width 0.955 cm. Si)ur longtii 
1.523. Dry seeds, length 1.312, width 0.700, thickno.ss 0.500 cm. Thickness 
0.714 of width. (Figs. 24 -56; 31-3.) From Sweden. 

Selection 145 

Similar to Brown Swedish except pod.s less curved. Dry j)ods, length 9.177, 
width 0.906 cm. Spur length 1.07 cm. Dry seeds, length 1.31, width 0.721, 
thickness, 0.589 cm* Thickness 0.816 of width. Seeds round. (Figs. 24-57; 
31-4.) 

China Red Eye, No. 161 

Plant strictly bush, height 28-30 cm, nodes 6-6. Leaves and stems green 
throughout. Flowers white. Mature ])ods not colored. Coarse, straight, 
length 11.367, width 1.084 cm. Seeds per pod 4.9. Apex slightly elongated. 
Spur not marginal, curved, length 1.178 cm. Dry seeds oval, length 1.286, 
width 0.769, thickness 0.630 cm. Thickness 0.922 of width. 2,092 seeds per 
1,000 g. Color white with ox-blood red {12, p. 94) irregular mottled pattern 
around eye covering approximately one-fourtJi of entire surface of seed. Eye 
markings lacking. (Figs. 24-58; 31-5.) Very early, low productivity, sus- 
ceptible to anthracnose and blight. From New York (Cornell) Agriculture 
Experiment Station, Ithaca, N. Y. 

Old Fashioned Yellow Eye, No. 125 

Plant strictly bush, height 60-52 cm, nodes 6-7. Leaves and stems green 
throughout. Flowers white. Mature pods not colored, coarse, slightly curved, 
length 10.493, width 1.164 cm. Seeds per pod, 4.4. Spur not marginal, curved, 
length 1.206 cm. Dry seeds, length, 1.23, width 1.799, thickness 0.679 cm. 
Thickness 0.848 of width. 2,294 seeds per 1,000 g. Color white with iriegular 
yellow ocher {12, p. 326-4), pattern around hilum covering approximately one- 
fourth of area of seed. Eye snuff brown {2, p. SOS) with white spot on each side 
of hilum. (Figs. 24-69; 31-6.) Medium early, medium productivity, resistant 
to anthracnose and blight. From various sources. 
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Auikaka Yellow, No. 117 

Plant short trailing, decumbent, not highly branched, height 75 to 80 cm, 
nodes 15-1(5. Leaves and stems green throughout. Leaves medium size, broad 
short pointed. Flowers white. Mature pods not colored, papery texture, 
curved, length 9.695, width 0.990 cm. Seeds per pod, 5.4. Apex abrupt. 
Spur marginal, curved, length 0.918 cm. Dry seeds reniform; length 1.302, 
width 0.7i 1, thickness 0.454 cm. Thickness 0.624 of width. Seeds flat; 3,983 
seeds per 1,000 g. Color raw' sienna (i.^, p. S29-1, iH). Nt) eye markings. 
(Figs. 24 -60; 31-7.) Medium early, productive, resistant to anthracnosc and 
blight. From Oscar Will Seed Co., Bismarck, N. Dak., under the name given. 
Also received tinder name of Yellow Indian. Resembles most Great Nhjrthern 
except in seed color. 

Black Turtle Sour, No. 118 

Plant short trailing, erect, height 58-60 cm, nodes 13 14. Leaves medium 
size, dark green. Stems more or less purple. Flowers, standard magenta 
(/,2, p. 18:2- 2), wings violet rose {l'2y p. 154 Mature pods often tinged iiurplc, 
medium coarse, distinctly curved near free end, length 10.379, width 0.791 cm. 
Seeds per iiod, 5.4. Apex abrupt. Spur marginal, straight, length 1.025 cm. 
Dry seeds reniform; flat length 1.040, width 0.597, thickness 0.393 cm. Thick- 
ness 0.656 of width. Seeds flat; 5,332 seeds iier 1,000 g. Color violet black 
(1;^, p. S4'^~4)- (Figs. 24 61; 31-S.) Late, very proriuctivc, very resistant to 
anthracnosc, susceptible to blight. 

Hidatsa Red, No. 131 

Plant short trailing, height 75 to 90 cm, nodes 23 26. Leaves and stems 
green throughout. Leaves large, short pointed, very pubescent. Flowers wliite. 
Mature poils not colored, papery texture, curved, flat, length 9.00, width 1.03 
cm. Seeds jier pod, 5.4. Ajiex abrupt. Spur marginal, curved, length 0.730 
cm. Dry seeds not reniform, truncated, length 1.444, width 0.764, thickness 
0.535 cm. Thickness 0.699 of wddth. Seeds flat; 3,320 seeds per 1,()00 g. 
Color plum violet {1'^, p. 17Ji-4), no eye marking. (Figs. 25 71; 32-7.) Very 
late, low productivity, susceptible to anthracnosc. Not well adapted in north 
central United States. From Gscar Will Seed Co., Bismarck, N. Dak., under 
name given. Also received under name of Red Indian. 

Selection 128 

Similar to Hidatsa Red, No. 131. Height 70 -75 cm, nodes 17 20. Mature 
pods, length 8.668, width 0.993 cm. Seeds per pod 5. Spur length 0.911 cm. 
Dry seeds, length 1.139, width 0.706, thickness 0.481 cm. Thickness 0.681 of 
width; 4,750 seeds per 1,000 g. (Figs. 25 72.) Very susceptible to anthracnosc. 
Medium late, medium productivity, adapted to north central United States. 

Selection 147 

Plant short trailing, height 75 to 120 cm, nodes 13 “17. Leaves and stems 
green t hroughout. Leaves medium size, short pointed. Flowers wdiite. Mat ure 
pods often splashed red, papery texture, curved, flat, length 10.479, width 1.143 
cm. Setids per pod, 4.6. Apex abrupt. Spur marginal, curved, length 1.136 
cm. Dry seeds not reniform; length 1.178, width 0.801, thickne.ss 0.517 cm. 
Thickness 0.645 of width. 3,055 seeds per 1,000 g. Color of seeds snuff browm 
(/^, />. 303), No eye marking. (Figs. 25-74; 32-8.) Medium early, jiroductive, 
resistant to anthracnose. Adapted to north central United St,ates. 

Selection 142 

Plant short trailing, height 70-75 cm, nodes 14-15. Leaves and stems green 
throughout. Leaves medium size, broad, short pointed. Fl(*wTrs white. 
Mature pods slightly splashed red, papery texture, curved, flat, length 9.712, 
width 0.965 cm. Seeds per pod, 5.0. Apex abrupt. Spur marginal, curved. 
Length 0.849 cm. Dry seeds reniform, length 1.33, width 0.724, tliickness 0.496 
cm. Thickness 0.683 of width. Seeds fiat; 3,165 seeds per 1,000 g. Color dull 
purple lake {12y p. 170-3, 4)» stippled white. No eye marking. (Figs. 24-62; 
31-9.) Late, medium productivity, resistant to anthracnose. Most nearly 
resembles Hansen, the variety in which it occurred. 
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Zebra, No. 126 

Plant short trailing, height 60-65 cm, nodes 16- 17. Leaves dark green, medium 
size, short pointed. Stems purple. Flowers, standard magenta p. 182-2) ^ 
wings violet rose {12j p. 154-2). Mature pods splashed purple, medium texture, 
curved, flat, length 8.847, width 0.907 cm. Seeds per pod 5. Spur marginal, 
curved, length 0.817 cm. Dry seeds reniform, truncated, length 1.158, width 
0.709, thickness 0.494 cm. Thickness 0.696 of width. Seeds flat; 4,018 seeds 
per 1,000 g. Color smoke gray (li?, p. S68), longitudinal black stripes, eye black, 
no hilum ring marking. (Figs. 24-63; 31-10.) Late, medium productivity, 
slightly susceptible to anthracnose. Indian booth, South Dakota State fair, and 
grocery store, Gonvick, Minn. 


Hansen, No. 122 

Plant short trailing, height 70-80 cm, nodes 17-18. Leaves and stems green 
throughout. Leaves medium size, short pointed. Flower color, standard and 
wings pale reddish lilac {12^ p. 181-1) . Mature pods not colored, medium texture, 
curved, flat, length 9.392, width 1.001 cm. Seeds per pod 5.4. Apex abrupt. 
Spur marginal, curved, length 0.854 cm. Dry seeds, length 1.141, width 0.718, 
thickness 0.484 cm. Thickness 0.674 of width. Seeds flat; 4,296 seeds per 1,000 
g. Color background stone (12y p. 812) tinged lilac mauve (12, p. 196), striped 
with longitudinal violet (vinous mauve, 12, p. 184) bands. (Figs. 24-64; 32 1.) 
Late, productive, susceptible to anthracnose. Adapted to the north central 
part of the United States. Described by Freeman. From the Arizona Agricul- 
ture Experiment Station, Tucson, Ariz. 

Selection 148 

Plant short trailing, decumbent, height 70-75 cm, nodes 17-18. Leaves dark 
green; steins with considerable purple color. Flower color, standard magenta 
(12, p. 182-2), wings violet rose (12, p. 154-2). Mature pods s])lashed purple, 
medium texture, curved, length 9.582, width 0.973 cm. Apex abrupt. Spur 
marginal, curved, length 0.927 cm. Dry seeds subreniform, truncated, length 
1.2M, width 0.734, thickness 0.502 cm. Thickness 0.682 of width. Seeds flat, 
3,929 seeds per 1,000 g. Color pale yellowish flesh (12, p. 68-2), mottled black. 
No eye markings. (Figs. 24r-65; 32-2.) Late, medium productivity. Suscepti- 
ble to anthracnose. Selected from a lot of beans secured from the Sissetoii Indian 
Reservation, S. Dak. 

* Garaypata, No. 127 

Plant short trailing, decumbent habit, height 60- 65 cm, nodes 16-17. Leaves 
and stems green throughout. Flowers white. Mature pods sidashed red, me- 
dium texture, curved, length 9.144, width 0.941 cm. Seeds per pod 4.9. Apex 
abrupt. Spur not marginal, curved, length 0.942. Dry seeds subreniform ; length 
1.205, width 0.724, thickness 0.498 cm. Thickness 0.688 of width. 3,930 seeds 
per 1,000 g. Color salmon flesh (12, p. 188-2), mottled snuff brown (12, p. 808). 
Eye color raw sienna (12, p. 829-1, 2). (Figs. 24-66; 32-3.) Late, medium 
productivity, susceptible to anthracnose. Described by Freeman (5). Known 
commercially as Pinto. From Arizona Agricultural Experiment Station, Tucson, 
Ariz., and several other locations, including the Dakotas. 

Mottled Red Indian, No. 157 

Plant short trailing, height 50-66 cm, nodes 24-26. Leaves and stems green 
throughout. Leaves dark green, broad, short, pointed, highly pubescent. 
Flowers white. Mature pods not colored, papery texture, markedly curved, 
flat, length 9.001, width 1.030 cm. Seeds per pod 4.6. Spur marginal, curvea, 
len^h 0.730 cm. Dry seeds subreniform; length 1.444, width 0.764, thickness 
0,535 cm. Thickness 0.699 of width. Seeds flat; 4,347 seeds per 1,000 g. 
Color plum violet (12, p. 172-4) and white in irregular pattern. No eye markings. 
(Fig. 24-67.) Very late, low productivity, susceptible to anthracnose. Not 
adapted to north central United States. From A. B. Shoemaker, Modesto, 
Calif. Snyonym Spotted Red Indian. 
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Bayou Chico, No. 158 

Plant short trailing, height 70-72 cm, nodes 19-20, Leaves and steins green 
throughout. Leaves small, short pointed. Flowers white. Mature pods not 
colored, papery in texture, curved, length 9.025, width 0.888 cm. Seeds per pod 
5.2. Apex abrupt. Spur marginal, curved, length 0.933 cm. Dry seeds reni- 
form, length 1.083, width 0.674, thickness 0.471 cm. Thickness 0.697 of width. 
4,616 seeds per 1,000 g. Color raw sienna (12, p. &29-1, 2). No eye marking. 
(Figs. 24-68; 32-4.) Medium early, medium productivity, highly susceptible 
to anthracnose. From Arizona Agricultural Experiirent Station, Tucson, Ariz., 
and Germaine Seed Co., Los Angeles, Calif. 

Bayou Grande, No. 159 

Plant short trailing, height 45-50 cm, nodes 10-11. Leaves and sterns green 
throughout. Leaves large, highly pubescent, blunt pointed. Flowers, standard 
lilac {12, p. 17f)-S, 4), wings lilac {12, p. 176-1, 2), Mature pods often splashed 
red, wrinkled surface, curved, length 11.40, width 0.960 cm. Seeds per pod 4.9. 
Apex abrupt. Spur marginal, straight, length 0.806 cm. Dry seeds reniform, 
length 1.323, width 0.804, thickness 0.768 cm. Thickness 0.768 of width. 2,272 
seeds per 1,000 g. Color pale pink {12, p. 166-2), eye Roman ocher {12, p. 
327), with snuff brown {12, p. 303) hilum ring. Seed color changes to yellow and 
brown with age or exposure. (Figs. 24-69; 32-5.) Very late, low productivity, 
susceptible to anthracnose. Not adapted to north central United States. From 
Germaine Seed Co., Los Angeles, Calif. 

Pink, No. 160 

Plant short trailing, height 45-50 cm, nodes 22. Leaves and stems green 
throughout. Leaves large. Flowers wdiite. Mature pods not colored, curved, 
flat, length 8.862, width 1.060 cm. Seeds per pod 5.2. Apex abrupt. Spur 
marginal, curved, length 0.804 cm. Dry seeds reniform; length 1.222, width 
0.746, thickness 0.550 cm. Thickness 0.737 of width; 4,854 seeds per 1,000 g. 
Color hydrangea pink {12, p. 132). Not distinctly eyed. (Fig. 25-79.) Very 
late, susceptible to anthracnose and bean rust. Not adapted to north central 
United States. From Germaine Seed Co., Los Angeles, (^alif. 

Wild Goose, No. 121 

Plant short trailing, height 60-65 cm, nodes 16 17. Leaves dark green, 
medium size, blunt pointed. Stems with considerable pur]>le color. Fhiwers, 
standard magenta {12, p. 182-2), wings reddish violet {12 p. 180-1). Mature 
pods splashed purple, medium texture, straight, round, length 7.958, width 0.977 
cm. Seeds per pod 6.4. Apex abiupt. Spur marginal, curved, length 0.780 
cm. Dry seeds not reniform, truncated, length 0.874, width 0.661, thickness 
0.502 cm. Thickness 0.759 of width. 5,090 seeds per 1,000 g. Color flesh 
{12, p. 67-1) mottled sepia {12, p. 300), not distinctly eyed. (Figs. 24-70; 
32-6.) Late, productive, resistant to anthracnose and blight. Selected out of 
Garaypata. Seed obtained as a mixture in Garaypata and later without admix- 
ture under the name given. 

Improved Yellow Eye, No. 120 

Plants short trailing, height 75-80 cm, nodes 11-12. Mature pods curved, 
length 9.764, width 1.028 crn. Seeds per pod 4.8. Spur not marginal, curved, 
length 1.021 cm. Dry seeds, length 1.133, width 0.737, thickness 0.634 cm. 
Thickness 0.860 of width. Seeds round; 2,672 seeds per 1,000 g. Color white 
with yellow ocher {12, p. S26-4), pattern around hilum covering approximately 
one-third of entire area. Eve snuff brown {12, p. 303) with yellow ocher hilum 
ring. (Figs. 25-76; 32-9.) 

Ruby Horticultural Bush, No. 129 

Plant short trailing, similar to Vineless Marrow. Height 75-80 cm, nodes 
11 to 12. Leaves and stems green throughout. Leaves medium size, long 

S ointed. Flowers, standard lilac {12, p. 176-3, 4), wings lilac {12, p, 176-1, 2). 

iature pods splashed red, coarse, slightly curved, length 10.217, width 1.070 
cm. Seeds per pod 3.8. Apex elongated. Spur marginal, curved, length 1.617 
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cm. Dry seeds oval, length 1,203, width 0.786, thickness 0.642 cm. Thickness 
0.816 of width. 2,281 seeds per 1,000 g. Color flesh {12, p. 139-1) with large 
irregular splashes of garnet brown {12, p. 1H4~4), eye Roman ocher {12, p. 327). 
No distinct hilum ling. (Figs. 26-76; 32-10.) " Medium early, productive, 
susceptible to anthracnose, resista.it to blight. From Northriip, King & Co., 
Minneapolis, Minn. , 

DISCUSSION 

In Table 6 are listed the 43 named varieties and 22 selections of field beans 
that have been distinguished and classified. Of these, 20 named varieties and 
10 selections have white seeds and 23 named varieties and 13 selections have 
colored seeds. 

From the large collection grown it was possible to identify practically all of 
the field varieties of common beans previously classified and described. Distinct 
varieties not previously classified and described have been given the names 
Tinder which they occurred most frequently. Great Northern and Ankara 
Yellow are the most important of these and Zebra another, probably soniewiiat 
less important. One new variety which has several characteristics that may 
make it valuable in some of the field-bean-growing districts was selected out of 
the variety Garaypata. It was later obtained iji pure form under the name 
Wild Goose. 

In making up the key to the varieties and selections, morphological charac- 
ters that are stable under varying conditions were employed as far as possible. 
Therefore the key should be liseful in identifying varieties within narrow limits 
under widely different environments. 

Yield data have been secured for practically all the named varieties and for 
many of the selections. These data have not been used in the classification but 
serve to indicate the value of the varieties and selections under the environmental 
conditions prevailing during the seasons in which they w'cre grow n. 

Table 5 . — Index to varieties of field beans 



1 Minne- 

i 

Descrip- 

Illustrations of - 


1 or selec- 
j tion No. 

tlun page 

Seeds 

Pods 




Fiffure 

Fiaiirc 

Arikara Yellow. — 

117 

46 

24-00 

31- 7 

Bayou Chico 

1.58 

47 

24-08 

32- 4 

Bayou Grande — - 

160 

42 

24-09 

32- 6 

Black Turtle Soup — 

118 

1 102 

40 

42 

24-01 

24-44 

31- 8 

21V-9, 10 

Brown Norw'ejrian . . , — 

188 

43 

24-49 

30- 6 

Selection. - ... - 

140 

43 

24-48 

30- 4 

Do.. - 

' 150 

43 

24-50 

30- 6 

T)o - 

141 

43 

24-51 

30 7 

Do 

Ifil 

43 

24-62 

30- 8 

Brow’ll Swedish 

144 

44 

24-65 

31- 2 

Selection 

135 

44 

24-66 

31- 3 

Do 

145 

44 

24-67 

31- 4 

Burlingame 

80 

40 

2.3-26 

27- 10 

Selection — . 

154 

40 

23-28 

28- 2 

California W onder 

91 

40 

23-24 

27- 8 

China Red Bye — 

Dark Red Kldnev - 

i 151 

! 149 

44 

42 

24-58 

31- 5 

Kmperor of Russia 

1 132 

43 1 



Eureka 

130 

44 

1 24-54 

31- 1 

French Dwarf Kidney. 

1 115 

29 

23- 7 

26- 4 

French Dwarf Rice 

' 101 


1 24-41 

29- 6 

French White 

98 


23-32 

28- 6 

Garaypata 

127 

40 

24-66 

32- 3 

Great Northern 

78 

30 

23-12 

27- 1 

Selection 

07 

32 

23-13 

27- 2 

Do 

85 

32 

23-16 

27- 3 

Hansen 

122 

4(1 

24-64 

32- 1 

Selection 

142 

46 

24-62 

31- 9 

Do 

148 

46 

24-66 

32- ? 

Haricot 

103 

SO 

23-10 

26- 7 

Selection 

102 

29 

23-11 

26- 8 

Hidatsa Red 

131 

45 

25-71 

32- 7 

Selection 

128 

45 

26-72 


Do 

147 

45 

26-74 

32- 8 

Improved Goddard 

139 

43 

24-47 

30- 3 

Immoved Yellow Eye 

Lady Washington 

120 

82 

47 

32 

26-75 

23-18 

32- 9 

27- 4 

Election 

106 

32 

23-19 

27- 6 
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Table 5. — Inde^ to varieties of field beans — Continued 



M inne- 
sota 

Descrip- 

Illustrations of-— 


or selec- 
tion No. 

tion page 

Seeds 

F’ods 




figure 

Figure 

Lour Yollow 

124 

42 

24-46 

3(1- 2 

Mottled Red Indian. 

157 

40 

24-07 


Navy Pea — 

94 

41 

24-30 

29- 1 

Selection — — 

111 

42 

24-43 

29- 8 

Do . 

112 

42 

24-42 

29- 7 

Old-Fashioned Yellow Eye J 

125 

44 

24-59 

31- 6 

Pearce Improved - . 

70 

40 

23-25 

27- 9 

Pilot - . 

Pink.. 

100 

32 

47 

23-22 

25-79 


lied Kidney - 

Selection.. . 

no 

12:1 

42 

42 

24-45 

30- 1 

Rpbiist - - - -- 

Ituby Horticultural Bush , 

70 

41 

24' 40 

29- 5 

129 

47 

2.5-76 

;42- 10 

Selection .. 

156 

43 

24-53 

30- 9 

Do 

90 

29 

23- 9 

26- 0 

Snowflake - . 

75 

41 

24-37 

29- 2 

Selection . 

152 I 

41 

! 24 3K 

29- 3 

Vineloss Marrow'.- 

79 

41 

t 2:U35 

28- 9 

White Kidney 

104 : 

29 

23- 8 

26- 5 

White Marrow i 

K7 i 

4! 

2 : 1-33 

2S- 7 

Selection .. 

100 

41 

23-34 

28- 8 

White Wonder ' 

92 ' 

40 

2:1 30 

28- 5 

Selection ' 

SI 1 

40 

2:i-;u 

28- 4 

W'ild (loose. 

121 : 

47 

24-70 

32- 6 

Wolverine (see Snowflake) . . 

no 1 


24 :19 

29- 4 

Yankee Winter 

107 1 

'A2 1 

2 : 1 - 23 

27- 7 


126 i 

40 j 

24-63 

31- 10 
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THE INFLUENCE OF CERTAIN BALANCED RATIONS ON 
THE CHEMICAL AND PHYSICAL PROPERTIES OF 
MILK FAT* 

By 0. R. Overman, Assistant Chief in Dairy Chemistry, and O. F. Garrett, 
First Assistant in Dairy Chemistry, Department of Dairy Husbandry, Illinois 
Agricultural Experiment Station 

INTRODUCTION 

Many results are given in the literature dealing with milk fat 
which show the effects of different feeds for dairy cows upon the 
milk fat produced. Amberger {lY found that the feeding of beets 
caused an appreciable lowering of the iodine number and an increase 
in the Reichert-Meissl and Polenske numbers. When sucrose was 
substituted for the beets the changes were similar in direction but 
not so great. Amberger also found that when malt germs were 
fed, the Reich ert-Meissl number was reduced from 25.48 to 16.70 
and the iodine number was increased from 32.1 to 39.2. Sicgfeld 
m, 16), Fritzsche {8), and Luhrig, Hepner, and Blau {IS), studied 
the influence of beet leaves and tops on the (‘omposition of milk 
fat. Their results showed that the Reichert-Meissl, Polenske, 
and saponification numbers of the fat were increased while the 
iodine number and the index of refraction were lowered. Zaitschek 
{17) found that cows on a turnip ration produced fat having higher 
Reichert-Meissl and saponification numbers than when on dry 
feed, and that potatoes acted similarly to turnips. Boes and 
Weyland {4) fed a ration of sugar beets exclusively. The fat 
j)roduced gave the following results: Reichert-Meissl number 28.16, 
Polenske number 6.16, saponification number 234.2, and iodine num- 
ber 24.22. Kieferle {10) showed that the feeding of silage gave a 
considerable increase in the Reichert-Meissl number and a slightly 
higher Polenske number. 

Lindsey, Holland, and Smith {12) state that soybean meal caused 
no marked difference in milk fat except a slight increase in the un- 
satiirated acids. Soybean oil, however, caused the saponification 
number to drop from 231.59 to 221.65, and the Reichert-Meissl from 
27.05 to 23.27. The iodine number on the other hand increased from 
31.90 to 40.25. Cranfield {5) vrorked with coconut cake and linseed 
cake and Cranfield and Taylor {6) with linseed cake and hempseed 
cake. They showed that when cows were removed from poor pasture 
to well-balanced rations containing these products a considerable 
rise in the Reichert-Meissl, Kirschner, and Polenske numbers and 
a fall in the index of refraction occurred. Smith, Wells, and Ewing {16) 
report that the feeding of cottonseed oil lowered the saponification 
number and the soluble fatty acids and increased the insoluble fatty 
acids. Eckles and Palmer (7) showed that cottonseed products in 
the ration decreased the saponification and Reichert-Meissl numbers 
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and increased the iodine nurnber, while Geisler (P) states that cotton- 
seed feeding gave higher Reichert-Meissl and iodine numbers and a 
lower Polcnske number. 

It should be noted that much of the work reported on the effects 
of feeds upon milk fat has dealt wuth rations which may be considered 
abnormal in some respect. For example, rations niade up solely of 
sugar beets, silage, etc., and those to which appreciable amounts of 
oil, such as cottonseed or soybean oil, have been added are not typical 
rations for the dairy herd. 

The purpose of this investigation was to study the effect on milk 
fat of different grain mixtures each of which Avas a normal balanced 
feed. 

GENERAL PLAN OF THE WORK 

Three groups of cows were selected, each group producing about 
200 pounds of milk daily. These groups were made up as shown in 
Table 1. 


Table 1. - Breeds age, calving, and milk-production data for cows in the various 

groups 

GHOUr 1 


Animal No. 

Bread 

Age on 
Nov. 1, 
1930 

Date of last 
calving 

Appro.vi- 
mate 
milk 
daily on 
Nov. 1, 
1930 



Y. A/. 1). 

im 


370 

Holstein 

6 6 15 

Jan. 18. 

35 

355 

....do—. - 

ft 3 27 

Aug. 21 . 

46 

403 - 

, , do 

4 9 13 

May 27. .. 

45 

406 

(io - 

4 4 15 

Oct. 18. 

45 

428 

1 

do.-- - 

2 10 15 

Mar. IS 

32 

GROUP 2 

423 ... 

Holstein . . - 

3 5 15 

Oct. 23 

45 

431 


2 11 18 

.Vpr. 5 . . 

28 

432-- . 

do 

2 9 28 

Apr. 10 

25 

437 

.do 

2 9 25 

June 8 

37 

438 - 

. ... do - - 

2 9 7 

June 14 

30 

440 


2 7 28 

July 24 

33 

442 

.do , ... 

2 0 13 

July 13 

18 


GROl^P 3 


396 

Brown Swis.s. 

8 1 15 

M av 5 - 

34 

408 

Jersey, I 

3 11 26 

Apr. 2 

20 

412 - 


6 10 7 


25 

416 1 

Ayrshire ..i 

3 5 27 1 

.\ug. 14 

28 

436 

Jersey - J 

2 9 17 

Apr. 29 -- 

18 

439 

Brown Swiss 

2 11 28 

June 1.5 

22 

443« 

Guernsey - 

2 6 21 

Sept 18 

15 

444« 

Ayrshire 

2 6 23 

Oct. 18 

25 






® Nos. 443 and 444 wwe dropped from the ex|)eriment Dec. 4, 1930, because of the development of a bad 
flavor in the milk. 


Special grain mixtures were made up so that about 50 per cent 
of the total protein of the mixture was supplied by a high protein 
feed. Otherwise, each mixture was the same except for a small 
difference in the percentage of com. The three special mixtures 
used were as follows : 
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Special herd mixture A 



Per cent 


Per cent 

Cottonseed meal, 43 per cent 

19 

Molasses 

7. 5 

Corn, ground — 

21 

Bone meal 

1 

Barley, ground.. -- 

15 

Salt 

1. 5 

Oats, ground - 

20 


— 

Wheat, ground-- 

15 


100. 0 


Special herd mixture B 



I’er cent 


Jtor cent 


24 

Molasses 

7. 5 

Corn, ground __ - - 

16 

Bone meal 

1 

Bariev, ground _ . . 

15 

Salt 

1. 5 

Oats, ground- ... 

20 



Wheat, ground 

15 


100. 0 


Special herd mixture C 



Per cent 


Per (*ont 

Soybeans (seed), ground 

23 

Molasses 

7. 5 

Corn, ground 

17 

Bone meal . 

1 

Bariev, ground. _ . . 

- - 15 

Salt 

1. 5 

Oat-s, ground 

20 



Wheat, ground. _ .. — 

15 


100. 0 


These mixtures were prepared by a ooinmercial feed manufacturer 
according to formulas furnished to him. The percentages of total 
protein were calculated to be: A, 16.05; B, 10.10; and C, 10.38. 

The formula for the regular herd mixture is: 


I’cr cetit 


Bariev 20 

Corn:_-.. 7.5 

Corn gluten feed. . 15 

CottonHeed meal 5 

Molasses 10 

Oats 15 


I*er een 


Soybean meal 5 

Wheat 5 

Wheat bran 15 

Bone meal 1 

Salt 1.5 


This mixture contained a total protein content of 10.04 per cent. 

The grain mixtures were fed in the approximate proprotion of 1 
pound of the mixture for each 3 pounds of milk produced. Corn 
silage and good cpiality alfalfa hay were fed liberally throughout the 
experiment. There was no pasture or feed in the yard. 

The experimental feeding was arranged as shown in Table 2. 

Table 2. — Arrangement of experimental periods and grain mixtures fed 


Period 


Date 


a rain nii.\tures tod « 


Preliminary , 
Transition.. 

First 

Transition . 
Second- ... 
Transition - 

Third 

Transition . 
Fourth 


Nov. 1-7, mo 

Nov. 8-14, 1930 - 

Nov. 15-Dec. 12, 1930 

Dec. 13-19, 1930 

Dec. 20, 1930-Jan. 9, 1931 

Jan. 10-10, 1931 

Jan. 17-^40, 1931 

Jan. 3i-Feh. 12, 1931 

Feb. 12, 1931, to end of exiwri- 
menl. 


KeKular herd mixture. 

Gradual charifte to R|iocial mi-xturcs. 

Mixtures A, B, and G. 

Mixtures A, B, and (’’ gradually interchanged. 
Mixtures A, B, and 

Mixtures A, B, and G gradually interchanged. 
Mixtures A, B, and G. 

Gradual change to regular herd ini.vturo 
Hegular herd mixture. 


« Special mixtures A, B, and G. were fed to the three groups of cows as follows: 


i 

First 1 
Iieriod 

Second 

iwrlod 

Third 

period 

Group 1 

A 

o 

B 

Group 2 

c 

B 

A 

Groups 

B 

A 

C 
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The milk produced by each group of cows was kept separate on 
certain days during each period of the experiment. Each lot of milk 
was separated with a centrifugal separator, the cream was churned, 
and the butter was subjected to laboratory examination. 

LABORATORY PROCEDURE 

Each lot of butter was melted on a warm water bath and after the 
water had separated by gravity the fat was decanted and filtered. 
The determinations reported in this paper are: (1) Index of refrac- 
tion (a Zeiss butyro-refractometer was used); (2) iodine absorption 
number (Hanus method); (3) saponification number (Koettstorfer 
number); (4) soluble acids; (5) insoluble acids (Hohner number); 
(6) Soluble volatile acids (Reichert-Meissl number); (7) insoluble 
volatile acids (Polenske number) ; (8) Jensen-Kirschner number (de- 
termined by the method described by Leach (lly p. 501))) (9) free 
fatty acids; and (10) mean molecular weight.® 

All determinations except where otherwise noted were made by 
official methods of analysis of the Association of Official Agricultural 
Chemists {2). 

Table 3. — Results of the examination of the milk fats 'produced by the three groups 
of cows on various rations 
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Table 3 . — Results of the examination of the milk fats produced by the three groups 
of cows on various rations — Continued 

GROUP 2— Continued 


Date I Period 


1931 


Jan. 2 

do 

Jan. 7 

do 

Jan. 16 

Transition 

Jan. 26 ' 

Third 

Feb. 2 

do 

Feb. 19.... 

Tnmsition, 

Feb. 26.... 

Fourth 

Mar. 3.— 

do 


1030 


Nov. 7 — Preliminary - 
Nov. 16 ...I Transition-. 

Nov. 24...' First 

Nov. 29 do . 

Dec. 7 do 

Dec. IL... do 

Dec. 18...-i Transition.. 
Dec. 26 I Second 

I 

1931 


Jan. 2--_ 
Jan. 7--- 
Jan. 16.. 
Jan. 25.. 
Feb. 2... 
Feb. 19.. 
Feb. 26.. 
Mar. 3.. 


.do.. 


-do.. 


Transition . 

Third 

do 

Transition . 

Fourth 

do 


I 

i 


Ration 


! 


.... B 

— . B. 

; BtoA 

A 

. . I A to regular. 
- - Regular 

do - 


: Regular 

: Regular to B 
B 

. .J B 

....I B 

.. ; B 

. . -i n to A 

..! A 


A 

I A 

; A to V 

iS::;;;:;;;:: 

! (" to regular. 

I Regular 

do 


1 


K 


a 


CO 


& 

& 




& 






'i 

•0 

1 

a 

A 

s 


2 

Insoluble 
(Hebner nun 


§ 

a 

II 

1 

'o-P 

> 

1 ■ 

0 

a 

» 

fl 

1 

•■=§ 
o 2 

o ® 
a 

93 

cc 

a 

1 

.1“ 

« 

a> 

§ 

o 

Pm 

Mi 

1 “ 

e 

J 

? 

Mean m 
weig 

1.4697: 

36.21 

23138 

169 

82.95 

29.78 

2.061 

25. 72 

.69 

239.4 

1.4598 

36.77 

231.24 

124 

81.49 

29.84 

2. 64 

24.14 

.64 

242.6 

1.4698 

3104 

23129 

187 

79.62 

30.63 

3. 10 

26.18 

1.01 

239.6 

1.4602 

36.15 

230.70 

101 

8123 

27.01 

2.10 

21.90 

1.48 

243.2 

1.4698 

33.46 

231.18 

3.87 

87.33 

29.98 

2.46 

26.62 

.94 

242.7 

1.4694 

32.84 

236.84 

146 

86.10 

31.42 

2.62 

26.82 

.94 

236.9 

1.4694 

32.40 

236.66 

129 

86.92 

30.00 

2.80 

26.77 

2.13 

238.2 

1.4592 

32.64 

236.10 

133 

84.76 

31.60 

2.78 

27. 70 

.96 

238.6 


GROUP 3 


1.469129. 
1.4589 32. 
1.4590'31. 
1. 4690 30. 
1. 4587132. 

I. 4688 29. 

II. 4691 30. 
1.4691|30. 


I 

72 237. 21 
13 235.36 
32 241. 06 
93 238. 26 
26 236. 68 
34 236. 72 
04 236. 46 
89 236.06 


6.86 
5.66 
4.92 
4.02 
6.01 
4. 66j 
162 
1 


4691131. 
1. 4691129. 
|l. 4695 31 
1.4598 31 
]. 4695,31 
1.4691131. 
1. 4592132. 
1. 4692'31. 


64 235. 06 
72 233. 94 
60 231 47 
48233.82 
11231.60 
00238.02 
18 237.33 
22 236.38 


|81 67128. 72 3. 161 


82.23 31.96 2. 
83. 10130.60 3. 
80. 42130. 30 3. 
82.16:30.622. 
80.68:28.782. 
83.87 29.60 3. 
81. 43*30. 32 3. 


21.82 
123.58 
24.98 
127.48 
66'2131 
94121 70 
28 21 64 
43 26. 66 


8102 29. 
81. 83 29. 
82.28 30. 
83. 74i29. 
87.32i31 
84. 36 31. 
86. 18'32. 
84.04130. 


60 2.37 
793.02 
32 2.66 
60 2.52 
04 2.32 
492.68 
602.88 
96 2.64 


0.321236.5 
.43237.7 
. 32 232. 8 
. 46 236. 5 
. 96 237. 1 
. 68 237. 1 
.48 237.2 
. 82i230. 8 


126.42 

23. 82 

26.62 

22.90 

27.00 

21481 

27.26 

25.86 


78 23a 7 
40 239. 8 
041239. 3 
691230.9 
401242.2 
32 235. 7 
60:236.4 
96>238.4 


RESULTS 

The results of the determinations on each sample are given in 
Table 3. In each case the data are placed in the same line with the 
type of ration which was being fed when the sample was taken. 

Table 4 gives the average values for the milk fats produced by 
each of the three groups of cows that were being fed each of the four 
grain mixtures and also the average values for all the samples taken 
from all groups of cows while on each of the four grain mixtures. 

A study 01 the tabulated data shows no very great differences in 
the values found for the individual samples of fat produced during the 
feeding of the different grain mixtures. In many cases the fluctuations 
between individual samples produced while one mixture was being fed 
were greater than those between other samples produced during the 
feeding of different mixtures. However, an inspection of the average 
values shows certain rather definite tendencies. The averages for 


> The mean molecular weight of the fat was computed by the use of the formula: Mean molecular 
weight** in which W- weight of fat used and y»ml of N72 KOH used in the saponification, by 
Bolton (5, p. 66). 
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all samples (Table 4) show that the fat produced while the cows 
were on ration C containing ground soybeans has a higher index of 
refraction and iodine absorption number and a slightly higher mean 
molecular weight, but a lower saponification number and a lower 
Polenske number, than the fats produced during the feeding of the 
three other grain mixtures. These tendencies are in most cases 
apparent in the averages for the three groups of cows but are not so 
distinctly evident. 

Table 4 . — Average values for the milk fats produced hy the three groups of cows^ and 
hy all the cowa^ on various rations 

GROUP 1 


Ration 

Refrac- 

tive 

Index 

1 

Iodine j 
num- 1 
ber 

1 

1 

Saponi- 

fication 

num- 

ber 

Soluble 

acids 

1 

Insol- 
uble ! 
acids 
(Ueh- 
ner 
num- 
ber) 

Reich- 

ert- 

Meissl 

num- 

ber 

Pol- 

enske 

num- 

ber 

Jensen- 

Kirscli- 

ner 

num- 

ber 

Fj-ee 
fatty 1 
acids 

Mean 

molec- 

ular 

weight 

Regular 

1.4593 

32.33 

235. Wl 

4.01 

82.87 1 

30. 93 

2.80 

2(). 29 

1.21 

237. 9 

A 

1.4591 

31.28 1 

235. 7« 

4. 18 

79.43 

.30. 14 

2. 95 

25. 25 

.76 

233. 7 

B - 

1.45985 

35.34 

m. 70 

3.29 

87.50 

27. 07 

2. 42 

22. 6(1 

1 . 30 

240. 1 

0 - 

1.4598 j 

3«.04 i 

233. 45 

4.56 

82.88 

30.90 

2.38 1 

J 

26. 81 

.77 

240. 4 


au()rp2 


Regular 

1.4595 

33.33 

234.83 

4. 75 

83.82 

31.46 

2.60 

26. 12 

1. 14 

238. 7 

A 

1.4'iOO 

34. 80 

230. 94 

3.94 

85. 78 

28. .50 

2.28 

23. 71 

1.21 

243. 0 

B - 

1.4597 

35. ,50 

233. 85 

4.53 

82. 77 

30. 35 

2. 48 

25. 90 

. .'jS 

i 239. 9 

C 

1.4.599 

37. 18 

233. 17 

4.33 

79.89 

29.98 



2. 20 

2.^. 42 

. 54 

; 236. 3 

1 


GROUPS 


Regular J 

1.4592 

31.04 

236. 64 

.5.39 

84. 63 

30. 73 

2.89 

24. US 

1 

0. 63 

2117. 1 

A - 1 

1.4591 

;V).72 

235. 32 

4.27 

82. 43 

29.87 

2. 94 

21.27 

.67 

2;i8.4 

B i 

1.4589 

30.96 

238. 15 

4. 65 

81.. 59 

30. 07 

2. 94 

2.5.37 

.60 

235. 6 

C - 

1.4.596 

34.30 ! 

1 

232.71 

4. 19 

85. 53 

30. 27 

2. 42 

24.95 

l.(H) 

241.0 


ALL C(nVK 


Regular.-- 

1.4593 

32. 23 

235. 78 

4.91 

1 

83.77 i 

31.04 

'>.17 

! 

2.5.80 

0. 99 

237. 9 

A ! 

1.4.593 

31.98 

234. 54 

4. 16 

81.84 * 

i9.61 

2.80 

24.91 i 

.83 

237.3 

B -i 

1.4593 

33. 45 

2 : 15 . 72 

4.31 

8:L30 

29. 50 1 

2. 67 1 

24. 94 1 

.75 

238. 1 

C... 

1.4.598 : 

36. 16 

2.i;l 16 

4.38 

82.48 j 

30.35 

2.31 

25. 79 

.72 

238.7 


SUMMARY AND CONCLUSIONS 

The milk fat produced by three groups of cows during the feeding 
of different grain mixtures has been studied. The conclusions tlxat 
may be drawn from this work are : 

Milk fats produced during the feeding of grain mixtures so pre- 
pared that approximately half the protein content is supplied by 
(1) cottonseed meal, (2) linseed meal, and (3) ground soybeans differ 
to some extent in some of their physical and chemical characteristics. 

Milk fats produced during the feeding of a grain mixture so pre- 
pared that half its protein is from ground soybeans, show on an aver- 
age a higher index of refraction and iodine number, slightly higher 
mean molecular weight, and lower saponification and Polenske num- 
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bers than those produced during the feeding of the other grain 
mixtures used in this work. 

The differences between the fats produced by cows fed the grain 
mixtures used in this investigation do not appear to be large enough 
to be of other than scientific interest. 
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THE MIGRATION OF BACILLUS AMYLOVORUS IN THE 
TISSUE OF THE QUINCE ^ 

By Herbert A. Wahl 2 

Instructor in Botany ^ Pennsylvania Agricultural Experiment Station 

HISTORICAL REVIEW 

The fire-blight organism, Bacillus amylotmus (Burr.) Trev., is of 
considerable economic importance because of the disease it produces 
on three hosts — apple, pear, and quince. A study of the compara- 
tive cytological reactions of host and parasite for these three species 
is of particular biological interest. 

Nixon (5, p. 5)^ first described the annual life cycle of Bacillus 
arnylovorus in apple tissue. According to this author, the life cycle 
consists of two stages. The first stage is characterized by the for- 
mation of zoogloeae in which the bacteria migrate intercellularly, with 
the formation of schizogenous cavities ^4)y toxic plasmolysis and 
crusliing.^’ The regions invaded by the bacteria during this stage 
are described as follows: 

* * * the ‘‘optimum patir^ of migration ia confined to the iirtercellular 

spaces of a zone of cells in the inner cortex * ♦ *. From the “optimum 

region” the invasion of adjacent, less favorable tissues, may follow * * 

The last tissues to be invaded are the cambium, the xylem and pith, and these 
are rarely seriously attacked. 

In the second or ^^pseudo-fructification^^ stage the bacteria become 
smaller and invade the cells by dissolving the cell wall, thus forming 
lysigenous cavities. The second stage culminates in the formation 
of cysts within the cells, in wliich condition the organism passes the 
winter. 

Haber (<^, p. 10) found that under artificial conditions young apple 
leaves may be the portal of infection; that the bacteria migrate in 
the form of zoogloeae in the intercellular spaces of the vein parenchyma 
and spongy mesophyll of the leaf, and that death of the tissues is 
causea by plasmolysis of the protoplast, the collapse of cell walls, 
and the separation of contiguous cell walls to form schizogenous 
cavities.'' 

The results of Gibbons's * investigation concerning the invasion 
of the organism and its effect on the host tissue in pear paralleled 
Nixon's results with apple. Tullis (7) also corroborated Nixon's 
work as to the general features of the migration of the organism. 

Rosen (^), in studying the invasion of the floral structures and 
petioles of pear and the stems of apple and pear, also reported migra- 
tion as taking place in the spaces between the cortical cells. The 
middle lamellae and the cell walls of these cells are broken apart by 
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chemical dissolution with no signs of pressure observable on the cells. 
This dissolution is noted as occurring ahead of the invading mass of 
bacteria. The movement of the mass of bacteria in the intercellular 
spaces is considered *'a passive one engendered by the accretion of 
great numbers of bacteria rather than an active pseudopodlike move- 
ment * * Rosen reports that all the stem tissues are later 

invaded and that death of the host is attributable to the formation 
of cavities by dissolution, particularly in the phloem and cambium, 
rather than to toxic products secreted by the pathogene. 

A review of the literature reveals no reference to any microscopic- 
studios of the invasion of the tissues of the quince (Cydonia vulgaris 
Pers.) by this organism. 

METHODS 

The research presented in this paper was begun at the Pennsylvania 
State College in the spring of 1925, when a series of inoculations was 
made on young quince trees growing in the college greenhouse. A 
pure culture of Bacillus amylovorus had been secured previously by 
isolating the bacteria from blight cankers that had been brought 
into the laboratory and kept in a moist chamber until the gummy 
exudate characteiistic of this organism appeared. The culture was 
grown on Lima bean agar and its pathogenicity proved by ino(‘ula- 
tion of quince trees and roisolation of the organism. Inoculations 
were made with a sharp laboratory needle introduced at the growing 
tip of the twig, the puncture being made entirely through the twig. 
Sections were taken after 1, 1^, 2, 4, 6, 8, 10, 12, 16, 18, 24, and 
48 hours, fixed in Flemming^s weak solution, and embedded in paraffin 
by the usual method. In the spring of 1927 a duplicate series of 
inoculations was made on quince trees growing in the college orchard. 
The method of inoculating and embedding was the same as that used 
in the earlier experiments except that sections were taken up to 142 
hours after inoculation and were fixed in Flemming’s weak, Petrunke- 
vitch’s, and alcohor-formalin-acetic fixing fluids. Sections were cut 
9 m to llju thick and stained with Flemming’s triple stain. 

OBSERVATIONS 

Microscopic examination of the early stages following inoculation 
showed the bacteria lying along the edge of the puncture, where they 
had multiplied rapidly in the broken remains of the injured cells. 
Invasion of the uninjured tissues was found to have taken place in a 
narrow cylindrical area in the inner cortex extending around the 
stem about 10 cells inward from the epidermis and several cells 
outward from the phloem region. In this area the bacteria were 
found in zoogloeal masses invading the intercellular spaces in all 
directions from the puncture, though more rapidly in a longitudinal 
than in a tangential direction. Raaially the intercellular spaces were 
occupied only in a layer three to five cells wide. No invasion beyond 
the puncture was observed one-half hour after inoculation, although 
at that time large masses of bacteria were present in the puncture. 
(PI. 1, A.) After 4 hours the bacteria had reached a distance of 
about 0.037 mm from the puncture (pi. 1, B), and after 12 hours 
they had reached a distance of 0.5 mm (pi. 1, C). At this stage none 
of the cells in the infected area were occupied nor were the cell 
contents in any way injured, except for a slight plasmolysis. 
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A— Bacteria In the puncture, one-half hour after inoculation. The broken remains of cells, including 
a xylem vessel, are present. X about 1,750. 

B. — -Zoogloeal mass formed at edge of puncture invading intercellular spaces of inner cortical region, 

four hours after inoculation. X about 1,000. 

C. — Tip of zoogloea, 12 hours after inoculation. X about 1,260. 

D. —Bacteria occupying a space between cortical cells with evidence of slight pressure and splitting of 

cell walls, 42 hours after inoculation. X about 1,750. 

E. — The beginning of lysigenous cavity formation by the dissolution of cell wall and protoplasm. 

The crystal in the cell is not attacked by the bacteria. X 1.000. 



Migration of Bacillus ancvlovorus in the Quince 


Plate 2 



- 


A. — The formation of a lysigenous cavity by the dissolution of adjacent cortical cells; XIO hours after 

inoculation at a distance of 2.3 cm from puncture. X about 185. 

B. —An extremely large lysigenous cavity in the cortex; 56 hours after inoculation adjacent to punc* 

ture. All the cortical cells are dead, but there is no noticeable effect on phloem, cambium, 
xylem, or pith cells. X about 185. 

C. —Mostly tangential section of cortex showing death to all cells; 142 hours after inoculation adja< 

cent to puncture. X about 185. 
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After 42 hours the bacteria had traveled a distance of about 
1.5 mm from the point of entrance and had formed numerous, though 
not large, schizogenous cavities. (PL 1, D). Certain cells were 
split apart at the middle lamella, and the coll walls were slightly 
invaginated. Also, during this time and in the same region, a few 
cells were seen to be entirely filled with bacteria. These cells re- 
tained their normal outline, while the protoplast was not destroyed 
but was pushed to one end of the cell, where it became an almost or 
quite homogeneous mass. Although the complete life cycle of 
Bacillus arnylovorus is not being considered here, this condition 
corresponds closely with the early stages shown by Nixon in apple 
in which the bacteria multiply rapidly within the lumen of a cell, 
eventually rounding up to form a cystlike body that is the over- 
wintering form of the organism. 

After a time the organism apparently changes its method of in- 
vasion and migrates without regard for cells or intercellular spaces. 
In this stage cell walls and protoplasts alike su(‘cumb to the invading 
liorde of bacteria. Cells are entirely broken down, so that no indi- 
cation of their previous existence remains. The bacteria are now 
arranged in thin radiating strands in the lysigenous cavities thus 
formed, their arrangement suggesting that they have utilized the 
cell wall, nucleus, and cytoplasm for food and have thus formed a 
strand of bacteria where once there was a strand of cytoplasm or a 
(^ell wall. This takes place within 90 hours after inoculation, when 
the bacteria have traveled a distance of 1 to 1.5 cm from the puncture, 
and continues until the entire inner cortical region is broken down, 
the colls shrunken, and their protoplasts entirely disorganized. 
(Pis. 1, E, and 2, A, B, C.) This is the condition at 142 hours after 
inoculation, when the invasion has extended longitudinally from the 
puncture at least 5 cm. Stages later than 142 hours after inoculation 
ha ve not been studied. 

DISCUSSION 

The results secured in the present study agree with those of Nixon 
(e5) and Haber {£) in their work with apple and of Gibbons ^ with 
pear, thus showing that there is to be found no essential difference in 
method of migration in any of the three economic hosts of this para- 
site. These studies also show essential agreement with the work of 
Hill with Bacterium tumefaeiens in tomato (3) and Bad. tabacum in 
tobacco {4) and of Beach with Bad. vignae in Lima bean (/), so far 
as the method of migration of the bacterial pathogene is concerned. 

The zoogloeal mass invaded the tissues at an average rate of per 
hour for the first 4 lioum, 42/i per hour for the first 12 hours, 36 m 
per liour for the first 42 hours, 156m per hour for the first 96 hours, 
and 352m per hour for 142 hours. These figures represent only one 
to several measurements in each case. Although the figures are 
open to error because of the small number of measurements and 
because of the difficulty of determining the exact extent of the 
invasion, a marked difference in rate is shown between the earlier 
and later stages. Thus, for the 38 hours from the 4 to the 42 hour 
period after inoculation, the average rate of migration was 38m per 
hour. During the next 54 hours the average rate had increased to 
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about 250m per hour, and the average for the next 46 hours was 761m 
per hour. Haber found that the zoogloeae in apple leaves traveled a 
distance of 0.5715 mm in 12 hours and had reached a distance of 1.5 
mm from the puncture after 24 hours. This is an average rate of 
47.6m per hour for the first 12 hours and 62.5m per hour for the first 24 
hours. Nixon reports a migration of 3 or 4 inches in 24 to 48 hours 
after inoculation in apple stems. Four inches in 48 hours represents 
a rate of 2,115m per hour. It would seem desirable that further work 
be done with the different hosts under controlled conditions of tem- 
perature, humidity, age, and rate of growth of host, etc., to determine, 
if possible, the factors responsible for such a wide range in the rate of 
migration. 

Nixon found that the region of intercellular migration in apple may 
extend entirely around the stem and, longitudinally, may involve the 
entire twig and adjacent limb, and under optimum conditions may 
extend several feet. In this study the bacteria were found entering 
the cells of quince witliin a distance of 1.5 cm from the point of 
inoculation, and were not found invading the entire circumference of 
quince stems through the intercellular spaces. 

During this intercellular migration some cells in the path of the 
invading mass of bacteria become separated along the line of the 
middle lamella. How this separation takes place is still problemat- 
ical. Two possibilities, however, present themselves as primary 
factors — either the pressure from the mass of bacteria is great enough 
to separate the cells or some solvent action of the products of the 
organism causes the dissolution of the middle layers of the cell wall. 
Slight evidence of pressure exerted upon the cell is present in the form 
of indentations in the cell wall. (PI. 1, D.) Since, however, the cells 
all through the region of intercellular migration and schizogenous 
cavity formation are slightly plasmolyzed, it is evident that the cell 
turgor in these cells is quite low or is, perhaps, entirely lacking. Thus 
very little pressipe would need to be exerted by the bacterial mass to 
cause invagination of the cell wall. The evidence, then, indicates 
that only a very slight amount of mechanical pressure is exerted by 
the invading mass oi bacteria. This leads to the conclusion that the 
cells are split apart by some solvent action of the bacteria. 

Many stages in the dissolution and disorganization of cells resulting 
from bacterial activity were found. Plate 1, E, shows the bacteria 
at work in the destruction of the wall and contents of a single cell. 
In Plate 2, A, may be seen an early stage in the formation of a lysig- 
enous cavity by the breaking down of adjacent cells. Advanced 
stages of these processes are shown in Plate 2, B and C, where exten- 
lave cavities have been formed by the total disintegration of several 
layers of cells in the most susceptible region in the inner cortex. The 
lysigneous cavity thus formed (pi. 2, A) measures 80m by 425m. By 
examining serial sections this cavity was foimd to extend in a tangen- 
tial direction around the stem at least 150m, each section showing the 
cavity occupied by a mass of bacteria. The preparations contained 
many such cavities, each showing the bacteria in good condition. 
This would seem to contradict the statements of Tullis (7) and Kosen 
(6) as to the inadequacy of stained paraffin sections for preserving the 
correct condition and relation of BacUlus amylovorus and its host. 

There seems to be no reason to doubt that the cell walls and con- 
tents are acted upon by growth products of the bacteria and broken 
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down just as other food materials are broken down by other bacteria. 
The finer details of the dissolution of the host cells and the exact 
nature of the method by which the bacteria produce the dissolution 
are not within the scope of this investigation. Far more important 
are the reasons for the death of all the tissues, even those not directly 
attacked by the organism, by the time the organism has been active 
in the stem for 100 hours. The organism was not found in any tis- 
sues of young quince stems except the narrow cortical region pre- 
viously described. In spite of this, tissues, including phloem, cam- 
bium, and pith, are definitely shown to be dead adjacent to the area 
of cortical invasion. (PI. 2, C.) 

These results are in contrast to those reported by Kosen (6*), 
who states that in apple stems * * by far the most serious 

effects on the infected twig or limb result * * * from invasion 

of the phloem and cambium. It is the. destruction of the latter and 
not the cortex which results in the death of the twig or limb.^' Kosen 
states further (^, p. 64) that * * * the evidence is indeed sub- 

stantial for the assumption that diffusible toxic products are not 
produced by K. amylovorus. If Rosen^s results are correct, then we 
are confronted by the fact that the same organism must operate in 
an entirely different manner to produce the results here recorded for 
quince. Some tissues of quince stems are killed without being invaded 
by the organism. The tissues that are invaded are not those directly 
concerned with either growth or food conduction. The destruction 
of the tissues invaded is not sufficient to explain the death of the 
entire twig. Therefore, the evidence is substantial for assuming that 
diffusible toxic products of Bacillus amylovorus are responsible for the 
death of the stem tissues of quince not invaded by the organism. 

SUMMARY 

Bacillus amylovorus migrates through the intercellular spaces of 
the inner cortex of quince in the form of zoogleae. 

During this invasion schizogenous cavities are produced in quince 
in a manner similar to that previously reported by Nixon in apple. 

Intracellular invasion of the cortex, involving formation of lysige- 
nous cavities, occurs within 96 hours after inoculation. 

Death of all the stem tissues occurs within 100 hours after inter- 
cellular invasion and within 48 hours after intracellular invasion of 
the adjacent cortex, although during this time the organism is present 
only in the cortex. 
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SOME PHYSIOLOGICAL STUDIES OF GLOEOSPORIUM 
PERENNANS AND NEOPABRAEA MALICORTICIS ^ 

By Ekston V. Miller, 

Afisistant Physiologist^ Division of Horticultural Crops and Diseases^ Bureau of 
Plant Industry y United States Department of Agriculture ^ 

INTRODUCTION 

In certain sections of the Pacific Northwest the control of perennial 
canker and northwestern anthracnose has become a problem of great 
economic importance to the apple industry. Perennial canker has 
been attributed to Gloeosporiurn perennan's Zeller and Childs and 

northwestern anthracnose is caused byA^cq/aftmca ma/icorfvVis (Cordley) 
Jackson. Both organisms are associated with cankers on the limbs 
and trunk of the apple tree, and both produce rots on the fruits. 

Northwestern anthracnose is known to have been of economic 
importance since 1891. The causal organism was described in 1900 
by Cordlev {6) and also by Peck {12^ p, 21) y Cordley giving -it the 
name of Gloeosporiurn malicorticis. In 1913 Jackson (10) described 
the perfect stage of the fungus, changing the name to Neojabraea 
malicorticis. 

In 1925 Zeller and Childs (13) reported the occurrence of perennial 
canker and described as the causal organism Gloeosporiurn perennans. 
Later in the same year Fisher (7) reported evidence that this disease 
had been in the Northwest for at least 11 years. 

There is great similarity in the cankers and also in the rots produced 
by the two organisms, and it is generally agreed that the two diseases 
must have existed side by side for a number of years without any sus- 
picion that two organisms were concerned. It was when the measures 
recommended for the control of anthracnose were found to be inef- 
fective under Hood River conditions that Zeller and Childs (13) 
discovered the new species in the cankers. The cluef distinctions 
they made between the two organisms at that time were that the 
perennial-canker fungus is a wound parasite but perennial in its 
nature when once established, whereas the anthracnose fungus is able 
to infect the uninj iired bark but does not spread beyond the limits of 
the first year’s growth; that the anthracnose organism has more 
active diastatic power than the perennial-canker organism and has 
curved or hooked conidia in contrast to the generally ellipsoid spores 


* Received for publication Dec. 10, 1931; iasued August, 193a. 

* The writer is grateful to J . 8. Cemley, of the Division of Horticultural Crops and Diseases, Bureau of 
Plant Industry, and S. M. Zeller, of the Oregon .^ricultural Experiment Station, for furnishing cultures of 
the fungi studied; and to Charles Brooks, of the Division of Horticultural Crops and Diseases, for helpful 
advice and suggestions. 

* Reference Is made by numl)er (italic) to Literature Cited, p. 76. 

* Since this tiaper was prepared, Nellie A. Brown, of the Division of Horticultural Crops and Diseases, 
has reported (2a) that Oioeosporium pertnnan* is frequently absent in otherwise typical cankers, that 
other fungi as well as bacteria are frequently found, and that under proper conditions typical cankers 
can be produced by artificial inoculation with these organisms as readily as with 0. perennans. 
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of Qloeosporium perennans. More recently, however, Childs (S) has 
reported that the perennial-canker organism is not truly perennial, 
and Fisher and Reeves (^?) have found evidence that it can produce 
cankers without the aid of previous injuries to the bark, thus reducing 
the number of well-established distinctions between the two organ- 
isms. But in spite of the great similarity of the two diseases, there 
seems to be no doubt that a new canker organism has appeared 
in the Northwest, and its control has become one of the outstand- 
ing problems in plant pathology. 

The present work was undertaken with the hope that further in- 
formation regarding the physiological responses of the two organ- 
isms might throw nght on their relationship and also be of value 
in developing methods of control. Following out this idea, studies 
have been made of the effect of temperature, acidity, and nutrient 
salts upon the growth of the organisms. 


EXPERIMENTAL PROCEDURE AND RESULTS 


CULTURE MEDIA 


The two canker organisms from the Northwest were grown on 
variousljjr modified culture media. The canker organisms comprised 
authentic cultures of Neofahraea malicorticis and Gloeosporium per^ 
ennans received from J. S. Cooley, at Hood River, Greg., and three 
strains of each organism obtained from S. M. Zeller, of Corvallis, 
Ore^. The same methods were used in all the tests. Ten cubic 
centimeters of the medium were poured into a sterile Petri dish and 
allowed to solidify. Inoculations were then made in the center of 
the plate with either spores or mycelial tufts of the organism, and 
records of growth were taken at regular intervals. 

It was found that all of the organisms could be satisfactorily grown 
on Dox^s synthetic agar, so this was selected as the standard medium 
from wliich various modifications were made. The following is the 
standard formula for Dox^s agar : 


Distilled water 

Magnesium sulphate 

Dipotassium phosphate 

Potassium chloride 

Ferrous sulphate 

Sodium nitrate 

Agar- 


cubic centimeters-- 1, 000 


- grams- _ 

0. 5 

...do 

1 

-.-do 

. 6 

...do 

.01 

-.-do 

2 

-..do 

15 


The agar was prepared in three lots: (1) Dox^s agar with 0.5 per 
cent dextrose; (2) as in 1, but lacking potassium chloride; (3) asin 1, 
but lacking sodium nitrate. When any one of the constituents of 
Dox^s agar is omitted, it may be difficult to obtain a clear solution. 
To obviate tliis difficulty monobasic potassium phosphate (KH2PO4) 
was substituted for the "dibasic potassium phosphate (K2HPO4). In 
other experiments potash was completely eliminated from the nutri- 
ents by substituting monobasic ammonium phosphate for the mono- 
basic potassium phosphate besides omitting the potassium chloride. 

The cultures were held at temperatures of 0^ 2.5®, 5®, 10®, 15®, and 
20® C. in the refrigerator boxes describe by Brooks and Cooley {2), 
When the formula for Dox^s agar contamed either monobasic or 
dibasic potassium phosphate, the growth of the organisms was not 
inhibited by the absence of either potassium chloride or sodium nitrate 
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from the nutrients added to the agar. When monobasic ammonium 
phosphate was employed, both Neqfabraea malicoHicis and Qloeospo- 
rium perennans were moderately inhibited in their growth at 15° C. 
by the absence of sodium nitrate or potassium chloride from the 
nutrients, whereas at 5° and 10° only the lack of potassium chloride 
had any effect. (Fig. 1.) The rate of inhibition, however, was about 
as pronounced for one organism as for the other. The slight differ- 
ences between the two are hardly significant, especially since there 
was always some variation in the rate of growth of the two organisms. 

HYDROGEN-ION CONCENTRATION 

A study was made of the responses of the anthracnose and peren- 
nial-canker organisms to different hydrogen-ion concentrations. 
Apple agar was prepared from ripe Delicious apples and the desired 
pH values were obtained by the addition of N/1 HCl or N/1 NaOH. 
A set of buffer solutions as designed’ by Clark and Lubs {6) were 
prepared for pH values ranging from 1.2 to 11.8. These wore made 



FKiURE 1, -Growth of Oloeosporium perennans and Neofabraea malicortkis at various tem- 
peratures on several modifications of Dox’s agar in 20 days: a, Dox’s agar plus 0.5 iwr cent 
dextrose; b, Dox’s agar plus 0.5 i)er cent dextrOvse less KCl; c, Dox’s agar plus 0.5 i)er cent 
dextrose Jess NaNOs 

up in strict accordance with the directions of Clark (4) both as to 
purity of chemicals and details of preparation. The buflfers were 
standardized by means of Bunker^s modification of the Hildebrandt 
bubbling hydrogen electrode, a calomel half cell, and a Leeds & 
Northrup type K potentiometer. A Bailey electrode was employed 
for determinations in some instances. The accuracy of the apparatus 
was determined by making readings on N/10 hydrochloric acid and 
M/20 potassium acid phthalate solutions. 

Indicator solutions were prepared as directed by Clark {4)j and by 
means of these and the buffers already mentioned a set of color stand- 
ards was obtained covering a range of pH 1.2 to 10. For values 
higher than pH 10, two dyes, Tropaolin O and Alizarin G, were 
obtained from the Bureau of Chemistry and Soils. These dyes have 
been recommended by McCrumb and Kenney (11) for pH values 10 to 
13. Although it was hoped to obtain pH values up to 12 or more, it 
was not deemed advisable to employ any higher than 11.8 because of 
the similarity of the color of the agar to that of the two dyes. The 
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pH values were determined coloiimetrically by the use of the above- 
mentioned color standards for comparison. 

Very acid or very alkaline agar will not solidify readily, and because 
of this fact the media having values under pH 3.8 or over 8.2 were 
sterilized first and the acid or alkali was added later by means of 
sterile pipettes. Those in the intervening range were combined with 
the approximate amount of acid or alkali and then sterilized in the 
autoclave with 10 pounds pressure for 10 minutes. The pH value was 
determined while the medium was still liquid. The agar was next 
poured into sterile Petri plates and when cool was inoculated in the 
center with spores. The plates were held for three weeks at 10^ C., 
and the diameters of the colonies were measured at regular intervals. 
The results appear in Table 1 and in Figures 2 and 3. 


Table 1. — Growth of Neofahraea malicorlids and Gloeosporium perennans on apple 
agar of different initial pH valuee after three weeks at 10° C. 


Organism 


Neofabraea luali- 

cortMs 

Oloeosporluiri per- 
ennans 


Diameter of colonies (in millimeters) at pll of— 


2.0 

2.2 

2.4 

2.6 

2.9 

3.0 

3.6 

3.8 

4.0 

4.1 

4.8 

9.3 

9. 9.7 

9.9 

0 

3.3 

4.6 

8.o! 

14.5 

24.5 

22.0 

28.51 

28.5 

29.0 

29.0 

28.5 

! 

30 ijSO.O 

30.1 

0 

1. 0| 

8.2 

10.2 

14.5 

22.2 

25.0 

27.7 

26.6 

24.0 

33. 5 

32.0 

so.ilai.o 

1 

27.1 

( 


' 














j29.6 

27.3 


11.2,11.311.8 


[>.8 


4.0 


26. 6j25. 0,10.0 


In the first of these experiments it appeared that the limiting pH 
value in the acid range lay between 2.0 and 3.6 for both organisms. 
Later it was found that the growth rate increased as the pH values 
were increased by 0.2 pH from 2.2 up to pH 3.0. From pH 3.0 up to 
pH 11.3 growth was normal. No powth was obtained at pH 2.0. 
At the alkaline end definite retardation was evinced at pH 11.8. 
This pH value app^ared to exert a greater retarding effect on 
Gloeosporium perennans than on Neofahraea malicorticis, but the 
difference may be entirely experimental, because germination studies 
indicate that both fungi respond similarly in alkaline media. For 
instance, in some preliminary tests germination for both organisms was 
considerably reduced at pH 11.5 and there was no germination at 
pH 12. 

Thus far the physiological responses of these two fungi (Neofahraea 
malicoTiicis and Gloeosporium perennans) have been shown to be very 
similar. Varying the nutrients in regard to potassium chloride or 
sodium nitrate did not affect the growth of one organism more than 
that of the other. The effects of different pH values on the rate of 
growth were similar for both organisms. 

TANNIC ACID MEDIA 

For further cultural studies of the two organisms a medium con- 
taining tannic acid was employed. Bavendamm (1) recommends a 
solid medium containing 0.5 per cent tannic acid for the purpose of 
detecting oridases in wood-rotting fungi. Inasmuch as the advance of 
ithe colony is preceded by a dark ring, due to the oxidasic action, it 
was hoped that different rates of growth might be easily detected on 
this m^ium. 
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Fiquke 2.—Orowth of N'eofabraea malicorticis In 3 weeks at 10® C. on apple agar of 15 ini- 
tial pH values from 2.0 to 11.8 
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riGURB 3.— Growth of Qheoiporium perennana In 3 weeks at 10* C. on apple agar of 16 dif- 
ferent initial pH values f!rom 2.0 to 11.8 
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A medium containing 4 per cent corn-meal agar and 0.5 per cent 
tannic acid was inoculated with mycelial tufts of Neofabraea mali- 
coHicis and Gloeosporium perennans and held at 10° C. for 21 days, and 
at 15° for 18 d&y&. The results appear in Figure 4. 

The tannic acid exerts an inhibiting influence on the growth of the 
two organisms, the eflfect being more marked for the Neofabraea 
malicorticis. With 0.5 per cent tannic acid the average retardation of 



Figure 4.-— Growth of four cultures each of Neofabraea malieorticia and Qtoeoaporium perennans 
on 4 per cent corn-meal a^ar and corn-meal agar plus 0.5 per cent tannic acid at 10® and 15® C. 


growth for N. malicorticis at 10° C. was over three times as great as 
that for Gloeosporium perennans, and at 15° it was more than one and 
one-half times as great. As great differences were frequently found 
among strains of the same fungus as between the two fungi: For 
instance, at 15° C. the reaction of culture 283 of the anthracnose 
organism was more like that of the perennial canker than some of the 
ctdtures of Neofabraea (227 or Cooley ^s). 

These studies were continued with the amount of tannic acid 
increased to 1 per cent. With this percentage the tannic acid usually 



Figure 6.— Growth of four cultures each of Neofabraea malicorticis and Gloeosporium perennans on 4 
I)er cent corn-meal agar and corn-meal agar plus 1 i)er cent tannic acid at room teiniwaturo 

settles out after autoclaving, but if the medium is shaken while hot 
the tannic acid becomes dispersed again and remains so when the 
medium has become solid. 

In 1 per cent taimic acid media the fungi grow with great diflSculty 
at room temperature, there being no visible growth for a week or more. 
As will be seen from Figure 5, some of the strains had not begun 
growth at all at the end of 11 and 12 days, those that had started 
grew very feebly, and it was practically impossible to make any com- 
parison between the effects on the two fungi. 
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TEMPERATURE STUDIES 

Cultures of Neofahraea malicorticis and Oloeosporium perennans 
were grown on potato-dextrose agar at the temperatures 0°, 2.5°, 5°, 
10°, 15°, and 20° C. The diameters of the colonies were measured at 
regular intervals. Duplicate readings were averaged and are presented 
m Figure 6. Within the range studied the increase in growth with 
increase in temperature was regular for both organisms, but the con- 
trast in temperature responses between the two was no greater than 
between two cultures of the same organism. 


STUDY OF APPLE ROTS 


The same six temperatmes were employed for a study of the apple 
rots produced by these two fungi. Temperature relations of apple- 



FiCrURic G.—Growth of GtoeoitpoTium perennans 
(solid lines) and Neofabraea malicorticis (bro- 
ken lines> on potato-de.\trose agar at different 
temperatures 


rotting fungi have been studied 
and reported by Brooks and 
Cooley (2). A number of com- 
mon organisms attacking apple 
fruits were studied, among them 
Neofahraea malworticis. Those 
writers state that they are not 
certain whether the culture was 
N. malicorticis or Oloeosporium 
perennans^ as the latter had not 
yet been described but has since 
been shown to have existed at 
that time. However, the cultures 
were obtained from a part of the 
State of Washington where peren- 
nial canker rarely occurs, and in 
all probability the organism was 
N, malicorticis. 

Apples possess several advan- 
tages over artificial media in the 
study of these two fungi. The 
fungi can not only be made to 
sporulate on the fruit, but they 
also produce macrospores more 
abundantly. On artificial media 
the microspores are produced in 
greater abundance. Jackson (f (9) , 
writing of northwestern anthi-ac- 
nose, states that he frequently 
noticed the macrospores on apple 
fruits but was unable to obtain 


them by artificial inoculations except on the bark of young apple 
trees. In the present work apples could generally be relied on for 
the production of macrospores. 

The apples were immersed in 50 per cent alcohol, then in mercuric 
chloride solution (1 to 1,000), and finally rinsed in hot water. Spores 
were inoculated into the sides of the apple fruit by means of a sterile 
needle. The apples were placed in moist chambers and held at the 
six temperatures heretofore mentioned. The ^ameters of the rots 
were measured once a week. The varieties used were Delicious, 
Grimes Golden, and Winesap. Ten apples were used for each organ- 
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ism at each temperature in all cases except for Grimes Golden apples, 
in which only two were used, and for the studies of Zeller^s strains on 
Winesaps, in which only five were used. The results appear in 
Figures 7, 8, and 9. In Figure 7 the growth of Gloeosporium perennans 
is compared with that of Glomerella cingulata (Stoneman) Spaulding 
and Von Schrenk, the bitter-rot organism of the East. 

The two fungi when grown on apples responded to the six tempera- 
tures in practically the same manner as they did when grown on artificial 
media. The growth curves for the two are similar. There was a 
gradual increase in 
growth with increase 
of temperature from 
0° to 15°C. Between 
15° and 20° the in- 
crease was not quite 
so rapid. 

Zeller^s three 
strains of Gloeospor- 
ium perenruins and 
his three of Neqfa- 
braea malicorticis 
were inoculated into 
Winesap apples and 
held at the same six 
temperatures. The 
results appear in 
Figure 10. In this 
case different strains 
of the same organism 
grew at diff erent rates, 
this being more 
marked with N. mali- 
corticis than with G. 
perennans . Strain 
283 of N. malicorticis 
made the most rapid 
growth, with 27 7 
ne.xt, and 226 last. 

With G, perennans f 
strain 278 made the 
best growth, with 
278-b next at tem- 
peratures of 5°, 15°, and 20° C. At temperatures 0° 2.5°, and 10°, 
the two strains 278-a and 278~b showed little difference in rate of 
growth. 

GERMINATION OF SPORES 

For spore-germination studies apple fruits were inoculated with 
the two fungi and held at a low temperature until spores were pro- 
duced. Distilled-water suspensions of the spores were then prepared 
in Van Tieghern cells and placed at temperatures 0°, 5°, 10°, 15°, 20°, 
25°, and 30° C. The percentage of spores germinating, as well as the 
length of germ tubes, were determined at the end of 24 hours. At 
least four Van Tieghern cells were employed for each temperature, 
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Fioure 7.— Increase in diameter of rot on Grimes Golden apples 
produwd by Gloeosporium perennans (solid lines) and Glomerella 
cingulata (broken lines) in 1 to 4 weeks at various temi^eratures 
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and the experiment was repeated several times. In spite of the great 
number of spores counted there was considerable variation in percent- 
age of germination, this being particularly true at 20®. The graphs 
in Figure 11 represent average percentage of germination based on 
the mass of evidence obtained. 

Spores of both fungi failed to germinate at 0® C. within 24 hours, 
although they were Found to have started at the end of 48 hours. 

Germination increased with rise of tern- 

perature from 0® to 15®, and the opti- 
mum appeared to be in the range of 

15®, 20®, and 25®, with no great differ- i 

ences between any of these tempera- / 

tures for either fungus. At 30® there was 

practically no germination for either <VAal 

fu^us. jji 

The increase in length of germ tube \ t jj 

was consistent with increase of tempera- ILL 

ture up to 20® C. In Figure 12 it will be ^ iljt 



o\ 

o zo ^0 60 

Fiourk 8.— Increase in diameter of rots on Deli- 
cious apples produced by Oloeosporium peren- 
nam (solid lines) and Neofabraea malicortkU 
(broken lines) in 20, 40, and 60 days at various 
temperatures 


Figure 9.— Increase in diameter of rots 
on Winesap apples produced by 
Qloeonporium perennana (solid lines) 
and Neofabraea malieorticis (broken 
lines) in 20 and 40 days at various tem- 
()eratures 


noted that the rate of growth declined at 25®. This applies to both 
organisms. 

SUMMARY AND CONCLUSIONS 


Temperature respo^es of the two apple-rotting and canker fungi, 
Neojahraea malieorticis and Oloeosporium perennanSj were very sim- 
ilar, whether inoculated into artificial media or into apple fruits. 
Both exhibited increased growth with rise of temperature in the range 
of 0® to 20®C., the rate of increase on apples falling off slightly from 
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Figure 10.— Increase in diameter of rots on VVinesap apples produced by three strains each of 
Neofabraea malicortim and Oloeosporium perennans in M days at various temi)eratures. Neo- 
fabraea strains— a, 226; 6, 277; c, 283. Oloeosporium strains— rf, 278; e, 278-a; /, 278-b 


15° to 20°. Both 
germinated and grew 
at 0° and rotted fruit 
at that temperature. 
M acrospores were 
readily obtained from 
inoculated apple 
fruits, being very 
abundantly pro- 
duced at 10°. 

In such nutritional 
studies as have been 
made, the two fungi 
have shown similar 
responses. The 
absence of potassium 
chloride or sodium 
nitrate from the nu 



Figure 11 . -Germination of Oloeosporium perennans and Neofabraea 
malicorticis in distilled water in 24 hours at various temperatures 


trients in Dox’s agar appeared to exert slight retarding effect on the 

growth of cither organism. Greg- 
ory and Horne (P), working with 
other fungi, report that in the in- 
vasion of the apple fruit lugh re- 
sistance is associated with low 
water and low nitrogen content 
and high potash and high acidity. 
The present work is hardly com- 
parable with that of Gregory and 
Horne, because their experiments 
concerned the apple fruit rather 
than artificial media, and they 
were studying different fungi. 

With regard to the hydrogen- 
ion studies, it is evident that 
both fungi experience difficulty in 
growing at a pH of less than 3.0 
A? jey and can not grow at all at a pH 
of 2.0. In the alkaline range a 

Figure 12.— Growth of germ tubes of Oloeosporium pH of 11.8 produced definite in- 
perennans and Neofabraea matieorticis in 24 hours 

at various temperatures hlbltory eiiects On both fungl. 
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Though the inliibition appeared slightly greater for Gloeosporiutn 
perennans than for Neojahraea malicortim, germination studies indi- 
cate that there is no great difference in the responses of the two 
fungi in this range. It is realized that the organisms probably change 
the pH of the medium during growth and that the results indicate the 
ability of the fungi to make initial growth in the media of the various 
pH values. However, definite retardation of initial growth was noted 
in pH values of less than 3.0 and at 11.8, and pH values of 2.0 and 
12.0 are the points where even initial growth can not bo made. 

The outstanding effect of the tannic acid medium is the retardation 
of growth of Neojahraea malicortids. In some instances the fungus 
barely started growth by the end of 12 days; in others it was able to 
grow in the tannic acid medium, but the rate of growth was always 
retarded. From the results in Figure 4 it will be noted that the 
retardation is much more pronounced for Neofabraea than for Gloeo- 
sporium. 

Optimum temperatures for germination of spores were found to be 
in the range of 15®, 20®, and 25® C. Though there was no germination 
at 0® in 24 hours, spores of both fungi wore producing germ tubes in 
48 hours, and a count revealed a germination of 34 to 46 per cent. 
At 30® there was no germination in 72 hours. 

In the physiological studies conducted on Neojahraea malicorticis 
and Oloeosporium perennans there was greater variability among the 
different strains of the same species than between the two fungi 
themselves. 
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MACROCENTRUS ANCYLIVORUS ROH., AN IMPORTANT 
PARASITE OF THE ORIENTAL FRUIT MOTH' 

By G. J. Haeu8sler2 

Assistant Entomologist^ Division of Fruit and Shade Tree Insects, Bureau of Ento- 
mology. United States Department of Agriculture 

INTRODUCTION 

An investigation of tlie oriental fruit moth (Laspeyresia) Grapho- 
litha rnoleMa (Busck), and its parasites, conducted at Riverton, N. J., 
in 1925 by Peterson and Haeussler (4)^ showed that the very con- 
siderable reduction of the infestation by this pest in peach fruit was 
brought about chiefly by one species of parasite, a braconid of the 
genus Macrocentrus. Further studies by the writer (3), conducted 
m the same district from 1925 to 1928, showed that a great reduction 
in the population of the midsummer and late broods of twig-infesting 
larvae resulted each season from tlie severe parasitism by Macro- 
centrus in the larvae of the earlier broods. The average parasitism 
by this braconid in larvae collected from twigs ranged from 41 to 
55 per cent for the foiu' seasons. In 1925 and 1926, collections of 
larvae which were feeding in twigs during late June and early July 
showed parasitism by this one species as high as 92 and 84 ‘per cent. 

Cross parasitism and cross-breeding experiments by Stearns (^) 
and by the writer showed this parasite to be identical with that reared 
by Fink (^) from the strawberry leaf roller {Ancylis comptana Froel.) 
and described by Rohwer (7) as Maerocentrm ancylivora. The 
experiments consisted in the securing of parasitism of eacli host 
species by parasites reared from the other and the mating of female 
parasites from one host with males from the other, with subsequent 
propagation on both host species. 

Because of the importance of this species as a parasite of the oriental 
fruit moth, it seemed advisable to make a detailed study of the species 
in its relation to this host. Its biology as a parasite of the strawberry 
leaf roller has been reported by Fink (;^),and Stearns (^) published 
on its biology with reference to both GrapholHha molesta and Ancylis 
comptana as hosts. The present study deals entirely with the devel- 
opment of this parasite when bred from the oriental fruit moth. 

Preliminary investigations on methods of handling the parasite 
under insectary conditions and a study of the habits of the species 
were begun in 1926. The more detailed study was taken up at 
Riverton in 1927, the insectary studies being started with the first 
adult parasites that emerged from the earliest parasitized fruit-moth 
larvae collected in the orchards that spring. In November, 1927, 
the insectary was moved from Riverton to Moorestown, J., a 
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distance of about 5 miles, and the work was continued at Moorestown 
until the last hibernating individuals had emerged in the spring of 
1929. 

METHODS USED IN STUDYING THE PARASITE 

The following methods were used in conducting the study of 
Macrocentrus ancylivorus under insectary conditions with Grapholitka 
molesta as a host: Grapholitha larvae, originating from eggs de- 
posited upon pear leaves in the insectary, were allowed to begin 
their development by feeding in apples. Wlien the larvae were from 
4 to 8 mm long they were removed from the fruit as needed and placed 

on young, succulent 
peach twigs. The stems 
of the twigs were first 
inserted in a small bottle 
of water and held in a 
tight bunch by means 
of a cotton plug in the 
neck of the bottle. (Fig. 
1.) A bunch of 8 or 10 
twigs was found to ac- 
commodate from 10 to 
1 5 larvae satisfactorily. 
Within an hour or two 
the larvae would spin a 
light silken web about 
their bodies to hold 
themselves against the 
twigs while eating their 
way in. The larvae 
were then in suitable 
position for being par- 
asitized, and the bottle 
of twigs was placed in a 
cage containing para- 
sites of both sexes. Late 
in the season, when 
young, succulent peach 
twi^s were no longer 
available, good results 
were obtained by placing the partly grown larvae on cross-section 
slices of apple, about one-eighth inch thick. The larvae soon ate 
their way into the soft tissue where, owing to the thinness of the slices, 
the ovipositors of the female parasites could easily reacli them when 
the slices were suspended on wire hooks in the parasite cages. 

The type of cage which proved most satisfactory for obtaining 

parasitism under insectary conditions is shown in Figure 1. This 

cage was 6 inches square and 8 inches high, with a solid wooden base 
and wooden framework covered on three sides and the top with 
24-mesh galvanized wire screen. The entire fourth side was a sliding 
door of heavy transparent celluloid which could be raised for inserting 
or removing the bottle of twigs or the parasites. A glass caster cup 
containing a piece of sponge saturated with water was placed in the 
cage to provide moisture for the parasites. On extremely hot dry 



Figure 1.— Apparatus used for obtaining parasitism of larvae of 
Grapholitha molenta 
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days wet cheesecloth, draped over the top and the side of the cage 
opposite the door, aided materially in prolonging the life of the adult 
parasites. A high percentage of parasitism resulted w^hen the twigs 
on which larvae were feeding remained in this cage from 4 to 24 
hours, depending upon the number of female parasites present and 
the prevailing temperature. As a rule, the larvae were kept in the 
cage for 24 hours. 

After the bottle of twigs was taken out of the cage, the twigs were 
removed and the lower parts of the stems which had been submerged 
in the water were cut off. The portions of twigs containing the larvae 
were placed in a jelly glass with one or more apples which provided 
additional food for the larvae when the twigs had become too dry. 
A narrow strip of corrugated paper was also placed in the glass, which 
was then covered with cheese- 
cloth held tightly in place 
by rubber bands. (Fig. 2.) 

When the larvae finished 
feeding and became full 
grown they left the fruit 
and spun their (^ocoons, usu- 
ally in the corrugated paper. 

The glasses were examined 
once daily, and each corru- 
gation containing a cocoon 
was cut out, given a reoord 
number, and placed in a 
small homeopathic vial until 
the ad ul t em erged , Any f ull- 
grown larvae found crawling 
about the glass at the time 
of examination were placed 
in individual 2-dram vials 
stoppered with cloth-covered 
cotton plugs. These larvae 
spun their cocoons against 
the glass, and observations 
could readily be made of sub- 
sequent development with- 
out the necessity of disturb- 
ing them in any way. Each of these yiaJs w^as examined once daily, 
and records were made for every individual whenever any impor- 
tant change occurred. Since it is usually only a matter of a few 
hours from the time the parasite larva emerges from the body of 
its host until it spins a cocoon of its owm, the emergence of the 
parasite larva from its host was missed in many instances in the daily 
observations. Consequently, some of the vials were examined several 
times a day in order to determine the length of time that the larvae 
of Macrocentrus feed externally on the host. If a fruit-moth larva 
pupated it was known to bo unparasitized, and subsequent records 
for that individual pertained to normal fruit-moth development. 

For each individual reared to maturity in observation vials, the 
dates of moth egg deposition, parasite egg deposition, moth cocoon 
formation, parasite cocoon formation, pupation of unparasitized fruit 
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Fkjure 2.”-Jelly glass in which parasitized larvae con- 
tinued feeding 
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moths, and adult emergence of either parasite or moth were recorded. 
Thus it was possible to compute the length of the life cycle as well as 
the length of several of the developmental periods for each individual 
that emerged, whether Macrocentrus or Grapholitha. 

THE ADULT 

DESCRIPTION 

The following description of the adult of Macrocentrus ancylivorus 
(fig. 3) is largely a condensation of the original description by Rohwer 
(7) and subsequent descriptions by Fink {2) and Steams {8), 

The female averages about 
4.5 mm in length, the oviposi- 
tor 5.6 mm, antenna 7.6 mm. 
and wing expanse about 9 mm, 
male often slightly smaller; 
General body color pale ferru- 
ginous; eyes" and ocelli black; 
antennae uniform dark brown 
distad of the pedicel, segmenta- 
tion not clearly distinct except 
with a strong lens; base and 
apex of abdomen of both sexes 
sometimes marked with dark 
brown; face, ventral part of 
antennal scape and pedicel, 
ventral part of thorax, and 
sometimes venter of abdomen 
lighter colored, almost yellow; 
legs yellow. 

SIMILARITY TO MACROCEN- 
TRUS DELICATUS CRESS. 

In 1926, a few lighter 
colored adults of Macro- 
centrus were noted among 
those emerging from field- 
collected material. At first 
these were considered as 
merely color variations of 
the one species, but all such 
individuals were noted 
in the records, and the 
specimens were preserved. 
Similar adults were ob- 
tained in 1927, and, since 
these emerged each sea- 
son from larvae that had been collected over a period of about 
two weeks during late June and early tluly, it was suspected that 
they might be of a separate species. Mating was never observed 
between light-colored individuals of one sex and dark-colored individ- 
uals of the opi)osite sex, whereas both light and dark individuals mated 
readily with similar adults of the opposite sex. It was further noted 
in 1927 that dark-colored females which had been fertilized always 
produced dark-colored progeny and that fertile light-colored females 
always produced light-colorei^progeny. R. A. Cushman, of the taxo- 
nomic unit of the Bureau of Entomology, later determined the light- 
colored specimens to be a distinct species, M, ddicalus Cres$. 



Figure 3,— Adults of MacrocerUrw ancyiirorut: A, Female: 
B. male. X 4.5 
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Morphological differences occurring in the two species, as well as 
characters useful in distinguishing adults of ancylivorus from those of 
delicatuSf have been very fully discussed by Driggers and Pepper (1). 
The writer found the difference in appearance of the antennae and the 
difference in general body color to be the most useful characters for 
distinguishing living adults of one species from those of the other 
species. That the antennae of delimtus are longer and have a seg- 
mented or ^‘beaded” appearance whereas those of ancylivorus are 
shorter and are “hairlike’* in appearance, as mentioned by the authors 
cited, was noted by the writer in 1927 and used at that time as a 
distinguishing character. 

MATING 

When adults of both sexes of Macrocentrus ancylivorus are confined 
together the male usually attempts mating almost immediately. 
The wings of the male are raised almost perpendicularly and flutter 
rapidly as he persistently follows the female. Upon approaching 
close to the female from the rear the male curls the tip of the abdomen 
forward from beneath in an endeavor to reach the female. The 
latter often flies out of reach, and it is sometimes necessary for the 
male to make several attempts before mating is accomplished. 

For 18 observed matings the minimum, average, and maximum 
duration of the act was 12, 22.5, and 45 seconds, respectively. 
After mating, the female usually repels further attempts on the part 
of the same or other males, although in one instance when one female 
was confined in a 0 by 8 inch glass jar with three males the female 
was observed mating four distinct times for 30, 12, 19, and 25 seconds, 
with intervals of 4, I and 11 minutes, respectively. The last three 
matings were with the same male. A male may mate with several 
females; thus when more females than males are placed in a cage 
most of the females usually become fertilized. Mating activity is 
most noticeable in the cages on warm summer days and during the 
warmer hours of the day in spring and fall. 

PROPORTION OF SEXES PRODUCED 

More females than males of Macrocentus ancylivorus are recovered 
from larvae of the oriental fruit moth parasitized normally in the 
orchards in the vicinity of Riverton, N. J. For the three consecutive 
seasons, 1926, 1927, and 1928, the percentage of female parasites 
which emerged from parasitized larvae collected in infested peach 
twigs was consistently greater than the percentage of males. During 
the respective seasons, 55.2, 55.5, and 53.4 per cent of the parasites 
produced were females. A total of 2,642 adult parasites were reared 
from fruit-moth larvae parasitized in the field over the 3-year period. 
Of these, 1,443, or 54.6 per cent, were females and 1,199, or 45.4 
per cent, were males. 

A greater proportion of female parasites was also obtained from 
larvae of the strawberry leaf roller parasitized in the field in the same 
region. Collections of larvae of this host species in 1927 and 1928 
produced 58.1 and 58.8 per cent female parasites during the respec- 
tive seasons. From the total of 219 parasites that emerged during 
the two years, 128, or 58.4 per cent, were females and 91, or 41,6 
per cent, were males. 
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A consistently greater proportion of females, such as occurs under 
natural conditions, is not always produced when this species is bred 
under insectary conditions. Of the total number of parasites reared 
from Grapholitha in the insectary in 1927 in connection with the life- 
history studies, 04.4 per cent were females. In similar rearings in 
1928 only 48.8 per cent were females. However, from the total of 
1,562 parasites bred from this host under insectary conditions during 
the two seasons 894, or 57.2 per cent, were females and 668, or 42.8 
per cent, were males. 

For securing parasitism of larvae in the insectary, parasites of 
both sexes were always placed in the oviposition cages. However, 
it is quite possible that in some instances parasitism occurred before 
all of the female parasites had been fertilized. Very probably this 
happened on several occasions in 1928 when, owing to a shortage of 
males, more female than male parasites were placed in the oviposition 
cages. This may explain, in part at least, the high percentage of 
male parasites that was produced during that season, since unfertilized 
eggs of Macrocentrus ancylivot'us yield males only. 

LONGEVITY 

Twenty-two separate experiments were conducted during the sea- 
son of 1927 to determine the length of adult life when parasites of 
both sexes were confined together in cages such as those previously 
described, with either fruit-moth larvae or larvae of the strawberry 
leaf roller. Records were obtained from a total of 115 female and 
79 male parasites. The minimum, average, and maximum length of 
life for both sexes confined together was 1 day, 6.7 days, and 14 days, 
respectively. The highest average longevity for the females in any 
single experiment was 11.1 days, for the males 11.3 days, and for the 
two sexes together 10.6 days. 

For eight unfertilized females that were confined in a cage without 
males, but provided with Grapholitha larvae in which to oviposit, and 
fed a 10 per cent solution of honey water, the minimum, average, and 
maximum length of life was 13, 17,9, and 29 days. When freshly 
emerged males were confined in a cage with no females and no larvae 
present, but fed the 10 per cent solution of honey water, the respective 
duration of life was 7, 10.3, and 19 days. 

OVIPOSITION 

Oviposition by Mcu^rocentrus ancylivorus on Grapholitha molesta is 
most readily accomplished when the larva of the host species is in a 
position from which it can not easily escape the thrusts of the oviposi- 
tor of the female parasite. The most favorable position for attack 
seems to be when the larva is feeding within a peach twig or a thin 
slice of apple, or is inclosed in a l^ht feeding web preparatory to 
entering a twig. Successful oviposition has never been observed by 
the writer when the host larva was not in some such fixed position. 
If free to escape, the larva wriggles out of reach at the first touch of 
the ovipositor and thus frightens the parasite. 

When a number of full-grown larvae of the oriental fruit moth were 
killed in hot water, inserted in nail punctures in a piece of dried corn- 
stalk. and placed in an oviposition cage, female parasites oviposited 
readily in the bodies of the dead larvae. The dead hosts dried up, 
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however, before the parasite eggs could develop. On several occas- 
ions females were observed endeavoring to parasitize full-grown 
Grapholitha larvae that were wandering about the cage or other 
container, but the larvae always managed to escape the thrust of 
the ovipositor, and in no instance was such attempted parasitization 
successful. 

Females of this species have been observed ovipositing at practically 
all hours of the day during wann summer weather. On several oc- 
casions, when a flash light was suddenly turned on the oviposition 
cages after dark, parasites were observed ovipositing as late as 10 p. m. 

Under insectary conditions a female parasite will oviposit several 
times in the same larva. One female was observed to puncture a 
larva 17 times and another female oviposited 13 times in a single 
larva. Dissections of 12 hibernating Grapholitha larvae which had 
been parasitized in cages in the insectary showed that, although 
superparasitism occurs, only one parasite larva survives regardless 
of the number of eggs deposited. Each host larva contained one 
living parasite larva. In 11 of the host larvae from 1 to 58, or a 
total of 131, head capsules and bodies of dead parasite larvae 
were also present. The remaining host larva contained no sign of 
superparasitism. 

PARTHENOGENESIS 

Unfertilized females can deposit eggs that will mature, but the 
progeny are always males. In 1927 a cage containing 10 freshly 
emerged unfertilized females was started on July 28. From numer- 
ous insectary-bred larvae of the oriental fruit moth which were placed 
in this cage a few at a time, a total of 63 parasites was produced, all 
of them males. When some of these males were allowed to mate with 
unfertilized females emerging from larvae of the same host that had 
been parasitized in the field, normal progeny of both sexes were 
produced. 

STAGE OF HOST ATTACKED 

Macrocentrus ancylivorus will attack the feeding larvae of the 
oriental fruit moth in any stage of development, from the very small 
first-stage larvae to those that are nearly full grown. Table 1 shows 
the parasitism by this species which occurred in Grapholitha larvae 
of various sizes taken in weekly collections of infested twigs from 
orchards near Riverton during the season of 1927. Each larva was 
removed from the twig within an hour after it had been collected, 
and its length in millimeters was recorded. The larvae were divided 
into three groups, according to length, and placed on apples in jelly 
glasses to continue their development. One group contained larvae 
measuring from 1.5 mm (recently hatched) to 3.5 mm, inclusive, 
another group contained those measuring over 3.5 to 6.5 mm, inclusive, 
and the third group contained those measuring over 6.5 mm. Practi- 
cally all the larvae of the third group were in the last larval instar. 
The table shows, for each respective size group, the number of Graph- 
olitha larvae collected, the total number of individuals that completed 
development and emerged as adults (including moths and all species 
of parasites), and the number of adult M. ancylivorus that emerged. 
The percentage of all individuals that reached maturity, based on the 
number of larvae collected, and the percentage of M. ancylivorm 
that emerged, based on the total emergence, are also given for each of 
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the three groups and for the combined total. It will be noted that 
the percentage of individuals reaching maturity increased decid^ly 
with each increase in the size of the larvae when collected. This is 
explained, in part at least, by the fact that more of the smaller larvae 
were injured in handling and failed to enter the new food medium 
after having been removed from the twigs. There was also an increase 
in the percentage of Macrocentrus that emerged from the larvae of 
each progressive size. 

Table 1. — Numbers and percentages of individuals reared to maturity and Mac- 
rocentrus ancylivorus adults emerged from Grapholitha molesia larvae of various 
sizes taken in field collections of infested peach twigs at Riverton, N. J., 1927 


QrapholtthA larvae 

Adults, both 
moths and all 
parasites, emerg- 
ing 

Macrocentrus an- 
cylivorus emerging 

Si 2 e when collected 

Collected 

1.5 to 3.5 tnni~ -- 

Number 

900 

974 

1,016 

Number 

193 

361 

061 

Per cent 
21.44 
37.06 
04.14 

Number 
97 
193 
379 i 

Per cent » 
50.20 
63. 46 
.’>8.22 

0 vet 3.5 to 6.6 mm — 

Over 6.6 mm 

Total or average - . 

2,889 

1,205 

41.71 

i 609 

56. 62 


« Based on total emergence of moths and parasites. 


Under insoctary conditions it was also foimd that the percentage of 
individuals reaching maturity was greater with each increase in the 
size of the larvae at the time these were transferred from apples to 
twigs before being placed in the parasite oviposition cages. The 
majority of the larvae used in the life-history studies ranged in length 
from 4 to 8 mm, inclusive. During both 1927 and 1928, fruit-moth 
larvae ranging from 4 to 6.5 mm in length were more heavily 
parasitized than those measuring 7 mm and over. The percentages 
of parasites that emerged from a considerable number of larvae that 
had been separated into these two size groups were 56.98 and 47.96, 
respectively, in 1927, and 83.33 and 70.81, respectively, in 1928. 
There were not sufficient numbers of larvae measuring from 1 to 3.5 
mm used in the insectary studies to provide comparative data on the 
percentage of parasitism occurring m these smaller larvae. Of the 
total number of adults reared from all larvae subjected to the 
attack of Macrocentrus in the insectary in 1927, 1928, and in both 
seasons combined, 54.72, 71.10, and 61.23 per cent, respectively, were 
parasites. 

Parasitism of Orapholitha molesia in the field is confined largely to 
those larvae of the first, second, and a portion of the third broods which 
feed witlun the peach twigs, for when larvae of the late broods enter 
the fruit it is difficult for the female Macrocentrus to reach them with 
her ovipositor. In 1925 a large number of larvae of the oriental fruit 
moth were removed from Elberta peaches at harvest time. From 
these larvae, 627 moths and only 1 M, ancylivorus emerged. The 
parasitism by tliis species in larvae that had infested the twigs in 
that Same orchard earlier in the season was very high. 

This parasite does not attempt to attack full-grown Orapholitha 
larvae mat have formed cocoons, nor does it attempt to oviposit in 
naked Grapholitha pupae. 
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REPRODUCTIVE CAPACITY 

Four females of Macrocentrus ancylivorus were mated within a few 
hours after they had emerged and were then placed in cages, only one 
parasite to a cage, and each was provided with 50 larvae of the oriental 
fruit moth feeding on bundles of twigs. A new lot of 50 larvae was 
placed in each cage every second day until the parasite died. The 
four females lived 8, 4, 5, and 6 days; and the number of progeny 
produced by each individual was 40, 28, 29, and 22, respectively, 119 
m all, or an average of 29,75 each. 

LIFE HISTORY AND COMPARATIVE RATE OF DEVELOPMENT OF 
THE PARASITE AND THE HOST 

The writer had planned to make a detailed study during the season 
of 1929 of that period in the developnient of Macrocentrus ancylivorus 
during which the parasite lives within the body of the host larva. 
Circumstances, however, prevented continuation of investigations 
with this parasite after the spring of 1929. Consequently, informa- 
tion is not available regarding the duration of the egg stage and the 
number and duration of the larval instars. Data concerning the 
minimum, average, and maximum number of days required for the 
several periods of development and for the complete life cyde of M. 
ancylivorus and its host Grapholitha molesta during 1927 and 1928 and 
for the two seasons combined arc presented in Table 2. These data 
are recorded separately for transforming ^ and for wintering ^ indi- 
viduals. In each instance the number of parasites or fruit moths 
from which observations were made is indicated. 

♦ The terms *' transtorming ” aur| “wintering ” are used here in the same sense in which they were used by 
Peterson and Haeussler (fi) in iheir life-history study of the host si)edes. “Transforming” refers to those 
individuals which, completing their life cycle, transform to adults the same season the eggs are dei)osited; 
“wintering” refers to those individuals which hibernate and do not become adults until the following 
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i” includes the complete development, from deposition of the egg to emergence of the adult. 
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DEVELOPMENT OF THE PARASITE LARVA WITHIN THE HOST 

The parasite larva which hatches from the egg deposited within the 
body of the partly grown Grapholitha larva spends the greater portion 
of its larval life as an internal parasite. When the Grapholitha larva 
has finished feeding in its last stage and reached the quiescent period 
within its cocoon the parasite larva, having attained its last instar, 
makes its way out of the host. During the two seasons of 1927 and 
1928 (combined), unparasitized transforming Grapholitha required 
from 14 to 51 days, or an average of 24.6 days, from the time the egg 
was deposited until the cocoon was spun; and unparasitized wintering 
Grapholitha required from 13 to 89 days, or an average of 35 days. 
Parasite eggs which produced parasites transforming during the 
same season were deposited in the host larvae from 2 to 31 days, or 
an average of 9.4 days, before the formation of the host cocoon; and 
those producing wintering parasites were deposited from 7 to 44 
days, or an average of 16.7 days, before the formation of the Grapho- 
litha cocoon. 

Transforming fruit-moth larvae, when unparasitized, pupate in 
from 1 to 13 days, or an average of 3.9 days after the cocoon has been 
spun. The transforming parasite 
larva emerges from the body of the 
Grapholitha larva in from 1 to 23 
days, or an average of 6.9 days, after 
the host larva has constructed its 
cocoon. Therefore, the transform- 
ing parasite larva emerges from the 
body of the host on an average of 
3 days after the fruit-moth larva 
would normally have pupated. 

Wintering parasite larvae remain 
within the body of the hibernating 
host larvae throughout the wdnter. 

The hibernating larva of Macrocentrus ancylworus (fig. 4) averages 
2.63 mm in length and 0.43 mm in width. The heavily sclerotized, 
light-brown head measures 0.24 mm in length by 0.27 mm in width 
and bears a pair of veiy strong, heavily sclerotized mandibles. The 
body, which is of a dirty yellowish W’^hite, consists of 13 segments 
besides the head and is terminated by three hooklike prolongations 
of the anal segment. The hibernating larvae coincide in all respects 
with the description given by Fink {2) of the mature first-instar larva 
of this species. 

In the spring, the hibernating larvae attain their last larval instar 
as internal feeders and then come out of the body of the host, the 
first parasite larvae appearing externally a few days after the first 
unparasitized fruit-moth larvae have pupated. Parasite eggs which 
produce hibernating parasites are deposited later in the fall than are 
Grapholitha eggs \raich produce hibernating individuals. The aver- 
age length of time from formation of the host cocoon in the fall to 
emergence of the parasite larva the following spring (190.3 days) is 
considerably shorter than the period from the formation of the cocoon 
to the transformation to pupa (202.8 da^jrs) for unparasitized winter- 
ing individuals of the host species. Fruit-moth larvae that are para- 
sitized by M, ancylivorus do not pupate, as the host larva is always 
destroyea previous to pupation. 

134668-^2 4 



Figure 4.— Hibernal inj; larva of Macrocentrus 
ancylivorus, X 12.6 
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DESTRUCTION OF THE HOST 

When the parasite larva comes out of the host it lies parallel to 
the body of the host larva with its head embedded in the hole from 
which it emerged. It then proceeds to feed on its former host until 

nothing remains but the sclero- 
tized parts and the shriveled skin. 
During warm summer weather the 
average transforming parasite larva 
finishes feeding in from about 
12 to 18 hours after emerging 
fmm its host. Wintering para- 
sites, the larvae of which emerge 
from the host during cool spring 
>^eather require an average of 
about 2 days to complete their 
feeding. WTiile feeding externally, the dirty yellowish-white parasite 
larva shows up distinctly against the darker grayish pink of the 
host larva. (Fig. 5.) It increases rapidly in size as it feeds, and 
when full grown is from one-half to two-thirds the size of its former 
host, averaging about 5 to 6 mm in length. 

FORMATION OF THE PARASITE 
COCOON 

Shortly after the full- 
grown Macrooentrus larva 
has finished feeding, con- 
struction of the parasite co- 
coon begins. This cocoon 
is constructed within the 
old cocoon of the former 
host. The shriveled skin, 
sclero tized head, and tho- 
racic and anal shields of the 
host larva also remain with- 
in the host cocoon. At first 
a web of very fine, white, 
silky threads appears about 
the parasite larva. (Fig. 6, 

A.) As construction con- 
tinues the cocoon gradually 
becomes light brown in color. 

The completed cocoon (fig. 

6, B), which makes a veiy 
strong protection about the 
prepupa and pupa, is dark 
amber in color and oval in shape and averages from 5.5 to 6.5 mm 
in length by 1.5 to 2 mm in width. About 24 hours are required for 
the spinning of the cocoon. The adult emerges from the cocoon by 
making a slit which opens the round, somei^at thickened anterior 
end. (Fig. 7.) 



Figure 6.*-Cocoon of Macrocentrus nfieplivorua: A, Full- 
grown larva beginning f.o cjonstruct cocoon; B, completed 
cocoon shown within a cocoon of the oriental fruit moth. 
X 4.6 
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PREPUP AL AND PUPAL PERIODS 

The time rejiuired from formation of the parasite cocoon to emergence 
of the adult, including the prepupal and pupal periods, averaged 15.2 
days for transforming parasites (Table 2), with a minimum of 9 days 
and a maximum of 69 days. For wintering parasites, the period of 
time within the parasite cocoon averaged considerably longer, 38.5 
days, with a minimum of 30 days and a maximum of 52 days. This 
was due to the fact that the cocoons of hibernating parasites were all 
spun early in the spring when the weather was cool, and thus the 
prepupal and pupal periods were of longer duration. 

The time spent within the cocoon by unparasitized Grapholitha 
has been separated into two periods, prepupal and pupal. (Table 2.) 
The former period, indicated as formation of cocoon to pupation’’ 
averaged 3.9 days for transforming moths and 202.8 days for win- 
tering moths. The remainder of the time witliin the cocoon, “pupa- 
tion to emergence of adult,” required an average of 10.6 days for 
transforming Grapholitha and 32 days for wintering ones, the min- 
imum and maximum time for this period being, respectively, 7 and 
1 5 days for transforming individuals, 
and 9 and 40 days for wintering 
individuals. 

LIFE CYCLE OF PARASITE AND HOST 

The life cycle of Macrocentru^s 
ancylivorus, from deposition of the 
egg to emergence of the adult, aver- 
aged 32,1 days for the 600 trans- 
forming parasites and 247.6 days 
for the 49 wintering parasites in 
observation vials during the two 
seasons. Records on the life cycle 
were also available from parasites 
the host cocoons of which had been spun in corrugated paper. 
When the two sets of records were combined, the life cycles of the 
1,235 transforming parasites were found to average 31.2 days, the 
minimum and maximum life cycles being 20 days and 91 days, 
respectively. The minimum, average, and maximum life cycles of 
the 327 wintering parasites in the combined records were 216, 243.3, 
and 280 days, respectively. 

For unparasitized fruit moths reared in observation vials during 
the two seasons the average life cycles were 39.2 days for 238 trans- 
forming moths and 269.7 days for 94 wintering moths. When records 
of those individuals that had spun cocoons in corrugated paper were 
included, the minimum, average, and maximum life cycles of 652 
transforming moths were 23, 36.3^ and 62 days, respectively, and the 
corresponding life cycles of 337 wintering moths were 236, 274.3, and 
337 days, respectively. 

The life cycle of the parasite is in each instance considerably shorter 
than that of the host species. The average life cycle of all trans- 
forming parasites was 5.1 days shorter than that of all transforming 
moths, and for all wintering parasites 31 days shorter than for afl 
wintering moths. 



Fhjure 7.“Macrocentrus cocoon from which 
the adult ha» emerged, showing oi^eniug at 
the anterior end. X 4.6 
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AVERAGE LIFE CYCLE AND RELATION TO TEMPERATURE 

The average number of days required for the life cycle of trans- 
forming parasites and moths maturing from eggs deposited on each 
day tliroi^hout the seasons of 1927 and 1928 is shown in Figures 8 
and 9. The average life cycles of all transforming Macrocentrus that 
emerged as adults throughout the season are indicated by the height 
of the sohd day line above the base line on the date of oviposition. 
The average life cycles of transforming Grapholitha that emerged as 
adults throughout the season are similarly shown by the height of 
the dotted day line above the base line on each oviposition date. 

The relation between prevailing temperature and the length of the 
life cycle in each case is also shown. The height of the solid and 
dotted temperature lines for each date indicates the average of all 
temperatures wliich existed during the average life-cycle periods of all 
individuals that emerged as adults from eggs deposited on that date, 
for parasites and moths, respectively. For example, the average life 
cycle of all transforming Macrocentrus, the eggs of which were depos- 
ited on June 27, 1927, was 26 days; and the average temperature 
recorded for that period, as indicated by the solid temperature line 
on that date, was 72.8° F. This is the average of all temperatures 
for 26 days, starting with June 27, based on thermograph readings at 
2-hour intervals throughout the entire period. The average life cycle 
of all transforming Grapholitha, the eggs of which were deposited on 
that same date, was 32,3 davs; and the average temperature recorded 
for that period, as indicated by the dotted temperature line on Juno 
27, was 73.2° F. This is the average of all temperatures for 32.3 days 
starting with Jime 27. 

SPRING EMERGENCE OP HIBERNATING PARASITES AND MOTHS 

It has previously been pointed out by the writer (5) that, in the 
vicinity of Riverton^ N. J., adults of Macrocentrus ancylivorus emerge 
sufficiently early in the spring under field conditions to attack the 
first fruit-moth larvae which enter twigs. 

During the winter of 1927-28 Grapholitha larvae which had been 
subjected to parasitism by Macrocentrus in the insectary during the 
fall of 1927 were allowed to hibernate outdoors exposed to natural 
conditions of temperature and weather. The larvae had constructed 
cocoons in narrow strips of corrugated straw paper which were firmly 
tacked in open screen cages, identical with one of the types of cages 
(%. 10) employed by Peterson and Haeussler {5) in conducting spring- 
brood emergence studies of the oriental fruit moth. Two cages, each 
containing approximately 230 cocoons, were hung on a post. One 
cage was placed on the south side of the post, as close to the ground as 
possible, and the other was placed on the north side of the post, about 
5 feet above the ground. Previous experiments with hibernating 
oriental fruit moths and codling moths had shown that the larvae in 
cages placed in these two positions were subjected to the two extremes 
of temperature and sunlight during the spring to which larvae nor- 
mally hibernating on the trunks of trees in the orchard are exposed, 
and that, consequently, the earliest and latest emergence of adults in 
the spring occurs in the south-low and north-high cages, respectively. 

As had been expected, the first emergence of parasites in the spring 
of 1928 occurred in the south-low cage, and, as a matter of fact, aU 
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Figurk 8.-^Comparatlve average life cycles of transforming individuals of Macroctntrus ancyli- 
mras fsolld line) and Qraphmiha moleHa (dotted line) with corresponding average temiwratures 
in 1927. The life cycle is indicated by the height above the base line (at 0. not shown) on the 
date on which the eggs were laid. The temiieraturo indicated for that date is the average tern* 
perature for the entire life cycle that began on that date 
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the parasites in this cage had emerged two days before emergence 
began in the north-high cage. The first adult Macrocentrus appeared 
in the south-low cage on May 11, the peak of emergence (that is, the 
date on which 50 per cent had emerged) occurred on May 17, and the 
last parasite emerged on May 19. In the north-high cage, first emer- 



FiGURB 9.— Compariitive average life cycles of transforiniDg individuals of Macrocentrus ancylivorus 
(solid line) and Qrnphoiitha molesta (dotted line) with corresponding average temtwratures In 
1928. The life cycles and teinfieratures are Indicated as explained in tbe legend of Figure 8 and 
in the text 

gence was on May 21, the peak of emergence was reached on May 24, 
and the last emergence occurred on June 12. 

Two similar cages containing unparasitized larvae of the host 
^ecies had been placed in corresponding positions on a near-by pole. 
The first adult moth emerged in the south-low cage on April 8, the 
peak of emergence in this cage was reached on April 30, and last 
emeigence occurred on May 7. In the north-high cage the first moth 
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emerged on May 8, the peak of emergence occurred on May 16, and 
the last moth emerged on June 12. 

By combining the emergence data from the south-low and north - 
high cages, in the case of both the parasite and the moth, a general 
idea is obtained of the spring emer- 
gence of the two insects closely 
approximating that which nonnally 
occurs in the peach orchards, assum- 
ing that hibernating cocoons under 
natural conditions are more or less 
evenly distributed in these two ex- 
treme and all intermediate locations.® 

The comparative emergence of 
the parasite and the host species in 
the outdoor cages and in the inscc- 
tary during the spring of 1028 is 
shown in Figure 1 1 . The solid lines 
represent parasite emergence and 
the broken lines emergence of the 
moth. The dates of first and last 
emergence arc indicated on the base 
line an<l the peak of the triangle 
denotes the date on which the peak 
of emergence was reached in each 
instance. 

It will be noted that in the out- 
door cages the first moth emerged on 
April 8, more than a month earlier 
than the emergence of the first par- 
asite on May 11. Of both species, 
the earliest individuals to emerge 
were males, the first female moth 
emerging on April 20, which was 25 
days before the emergence of the 
first female parasite on May 15. 

The peak of moth emergence was 
reached on May 4, which was 1 9 days 
before the peak of parasite emer- 
gence on May 23 . The last individ- 
uals of both parasite and host spe- 
cies emei’ged on June 12. 

Spring emergence was consider- 
ably delayed in the case of hibernat- 
ing cocoons which had been kept 
in the insectary throughout the 
winter and spring. As shown in 
Figure 11, the first moth from this 
material emerged on May 10, the peak of emergence was reached on 
May 30, and the last moth emei|^ed on July 1. This represents a 
delay of 32, 26, and 19 days, respectively, as compared 



Figure 10 .— Type of outdoor hibernation cage 
from which the spring-emergence records were 
obtained for both parasites (Macrocentrua 
ancylivoTua) and moths 


hs (OrapholUha moleaia) 


to moth 


> A closer approximation of normal orchard emergence would undoubtedly have been obtained by the 
use of eight cages, four adiaoent to the ground and four 6 feet above the ground, with one cage of each group 
facing north, east, south, and west. Data regarding the emergence of the host species were available for 
the entire eight cages but since sufficient hibernating parasite material was available for only two cages, 
the emergence data for the moths, as given here, were taken from only the two corresponding cages of hiber. 
nating Grapholitha material. 
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emergence in the outdoor cages. In the case of the parasites the 
delay was not so great. Nevertheless a retardation of emergence 
occurred, the first adult (a female) appearing on May 19,8 days later 
than the first parasite emerged in the outdoor cages. The peak of 
emergence was delayed 4 days, being reached on May 27; and the 
last parasite emerged on June 13, only 1 day after the last individual 
emeiged in the outdoor cages. Thus it is apparent that, in the case 
of the parasites as well as the moths, a closer approximation to the 
normal spring emergence can be obtained by the use of outdoor hiber- 
nation cages. In the insectary, the first parasite emerged 9 days later 
than the first moth. The peak of parasite emergence, however, was 
reached 3 days in advance of the peak of moth emergence, and the 
last moth emerged 18 days later than the last parasite. 

SEASONAL EGG DEPOSITION 

A comparison of the periods during which fruit-moth eggs and 
parasite eggs were deposited in 1927 and 1928, from which transform- 
ing and wintering individuals of Grapholitha and Macrocentrus 



Figure ll,— Oomparative emergence of adults of Macrocentrus ancylivorus and Grapholitha molesta 
during the spring of 1928 from larvae that hibernated in outdoor cages and from larvae that hi> 
bernated in the inaectary 


subsequently emerged, is presented in Figure 12. The dates on 
which the first and last eggs producing transforming and wintering 
individuals were deposited are indicated in each instance by the range 
of the horizontal lines, the broken and solid lines representing the 
fruit-moth eggs and parasite eggs, respectively. 

In 1927, the first Grapholitha eggs of the season were deposited in 
the insectary on April 23 by females which emerged in outdoor cages, 
but the first eggs on which developmental records were kept in con- 
nection with the parasite studies were deposited on June 8. The 
last eggs that produced transforming moths were deposited op. 
August 23. The first ^gs producing wintering Grapholitha well 
deposited on July 27. Thus both transforming and wintering fruit 
ninths developed from eggs deposited between July 27 and August 23, 
inclusive. The last eggs that produced wintering Grapholitha, which 
were also the last eggs of this species laid that season, were deposited 
on September 24. 

Since it was not possible to begin the parasite life-history studies 
in 1927 until adults of the first brood began to emerge from parasitized 
host larvae collected in the field, the exact date on which the first 
^gs of that season were deposited is not known. However, 
the first Grapholitha larvae found in peach twigs in the orchard that 



July 16, 1932 


Parasite of the Oriental Fruit Moth 


97 


season, which were found on May 11, were parasitized by Macro- 
centrus ancyUvorus. Therefore, it is certain that female parasites had 
emerged from hibernating material and deposited eggs in the field 
by that date. The parasite studies in the insectary, which were 
started with the deposition of the first eggs of the second brood on 
June 27, showed that the last parasite eggs that produced trans- 
forming parasites were deposited on September 15, The first eggs 
that produced wintering parasites were deposited on August 21. 
Thus, parasite eggs deposited between August 21 and September 15, 
inclusive, produced both transforming and wintering Macrocentrus. 
The last parasite eggs of the season, the progeny of which survived 
hibernation and emerged as adults the following spring, were deposited 
on November 2. 

In 1928 it was possible to begin the studies in the insectary with 
both moths and parasites that emerged from hibernation in outdoor 
cages. The first Grapholitha eggs were deposited on April 25, and 
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Figure 12.-— Comparative periods duriuR which eggs were deposited by Macrocentrus ancylivorus 
(solid line) and Orapholma molesta (dotted line) and number of generntlons of M. ancylivorus in 
1927 and 1928. The period of egg deposition for each generation of parasites in 1928 is indicated by 
the slanting line which reaches the base on the date the last egg was laid. The beginning of 
each generation is marked by a vertical line with the number of the generation at the top 


the last eggs from which transforming fruit moths developed were 
deposited on August 25. Eggs producing wintering Grapholitha 
were deposited from August 2 to September 11, inclusive. Both 
transforming and wintering Grapholitha developed from eggs de- 
posited from August 2 to August 25, inclusive. 

Eggs that produced transforming parasites in 1928 were deposited 
from May 16 to September 10, inclusive, and eggs producing wintering 
parasites were deposited from August 26 to October 16, inclusive. 
Both transforming and wintering Macrocentrus developed from 
parasite eggs deposited between August 26 and September 10, 
inclusive. 

NUMBER OF GENERATIONS 

Five generations of Macrocentrus ancylitorus occurred during 
each of the seasons of 1927 and 1928. The dates on which the first 
eggs of each brood were deposited during each season are indicated in 
Mguro 12. The period of egg deposition for each brood in 1928 is 
also shown, being indicated by the slanting line terminating at the 
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date on which the last egg was laid. Similar records were not avail- 
able for 1927. 

In 1927 the first and second broods were entirely transforming. 
All of the third-brood eggs, except a few of the latest ones deposited, 
produced transforming parasites. About two-thirds of the eggs of 
the fourth brood produced transforming individuals, and the re- 
mainder produced wintering ones. The fifth brood was entirely a 
wintering one. There were only four generations of the host species 
during that season. 

In 1928 the first three broods of parasites were entirely transform- 
ing. Brood 4 contained a decided majority of transforming indivi- 
duals, and brood 5, except for a few from the very earliest eggs that 
were deposited, produced wintering individuals. A period of about 
two weeks elapsed between the time of deposition of the last eg^ of 
the first brood and the first eggs of the second brood in 1928. This 
was due to the fact that practically all the female parasites which 
emerged in the spring from hibernating material had died by the 
middle of June, and as an average life cycle of 41,3 days was required 
for development of the earliest individuals of the first brood, eggs of 
wliich were deposited on May 16, first-brood adults did not begin to 
emerge until about June 26. Thus, female parasites were not present 
in the insectary to deposit eggs from June 11 to June 26. A decided 
decrease in parasitism by Macrocentrus ancylivorus also occurred in 
the field during this same period in 1928, as indicated by weekly col- 
lections of Grapholitha larvae from infested peach twigs. These 
data have been presented in tabular form by the writer (5, p. 378)^ 
Parasitism by this species, which had reached a peak of 49.9 jier cent 
in the field at the colloction of May 29~June 1 , gradually decreased to 
a minimum of 17.9 per cent for the period June 19-20. It then in- 
creased to 29.5 per cent for the period June 26-28, and the following 
week, July 3-5, it jumped to the high peak of the season, 67.9 percent. 
Since the twigs werq heavily infested by larvae of the host species 
throughout this entire period it is evident that the decrease in para- 
sitism in the field was also due to a scarcity of female parasites during 
the two weeks immediately preceding tKe emergence of first-brood 
adults late in June. Five complete or partial generations of the host 
species occurred in 1928. 


HIBERNATION 

Macrocentrus ancylivorus hibernates as a first-instar larva within 
the body of the full-grown lubernating host larva. In the spring of 
1929, a few weeks before wintering parasite larvae would begin to 
emerge from the host larvae, a number of hibernating larvae of th^ 
onental frmt moth that had been parasitized by M. ancylivorus the 
previous fall were dissected. Each Grapholitha larva contained one 
live nrst-instar parasite larva and, in most instances, also several head 
capsules and bodies of dead parasite larvae. Measurements of the 
head capsules of the dead parasite larvae showed them to be of the 
same instar as the hve ones. 

During both 1927 and 1928 a considerable number of parasite 

failed to emerge as 
eoeoons were ^owed to go through the winter undis- 
turbed m order to ascertain whether any individuals might success- 
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fully hibernate within the parasite cocoon. In no instance did adults 
emerge in the spring from parasite cocoons spun the previous fall. 
The majority of these cocoons, when opened, were found to contain 
dead pupae, which suggests that these individuals pupated late in the 
fall but were unable to survive the sudden drops in temperature which 
occurred before they could emerge. 

Considerable mortality after the parasite cocoon stage was reached 
also occurred in parasites which survived hibernation within the host 
and reached the cocoon stage in the spring. In 1928 and 1929 50 and 
63 per cent, respectively, of the hibernating parasites that emerged 
from the host and spun cocoons in the spring failed to emerge as 
adults. Subsequent examination of these did not reveal the cause of 
death, although it was found that the majority had died as prepupae. 

SUMMARY 

Macrocentrus ancylivorus Roh. is* an important parasite of the 
oriental fruit moth in the vicinity of Riverton, N. J. A closely related 
species, M. delicatus Cress., is parasitic on the same host species, but 
adults of ancylivorus and delicatus have distinguishing characters by 
which living specimens may be sejjarated. 

A greater percentage of female than of male parasites is produced 
when larvae of the oriental fruit moth and larvae of the strawbeny 
leaf roller are parasitized by Macrocentrus ancyilror'iis in the field. A 
consistently greater proportion of females does not always occur 
when parasitism takes place under insectary conditions. 

The average longevity of adult parasites of both sexes confined 
together in cages is 6.7 days; the average for unfertilized females 
confined alone is 17,9 days, and for males confined alone, 10.3 days. 

Oviposition is possible only when the larva of the host species is in 
a position in which it can not escape the ovipositor of the female 
parasite. Superparasitism occurs, but only one i)arasite larva 
survives. 

Unfertilized females produce only males. 

Fruit-moth larvae of all sizes arc subject to attack by this parasite. 
Parasitism in the field occum chiefly in larvae of the early broods 
which feed in peach twigs. 

As many as 40 offspring have been produced by a single female of 
Macrocentrus ancylivorus imder insectary conditions. 

The transforming parasite larva emerges from the host, on an 
average, 3 days after the Grapholitha larva would normally have 
pupated, and feeds on it for 12 to 18 hours. Wintering parasite 
larvae emerge from the host larvae in the spring and require an aver- 
age of 2 days for feeding. About 24 hours are required for formation 
of the parasite cocoon. The combined prepupal and pupal period 
averages 15.2 days for transforming parasites and 38.5 days for win- 
tering parasites. The average life cycle of transforming and winter- 
ing Macrocentrus is, respectively, 5.1 and 31 days shorter than the 
average life cycle of transforming and wintering Grapholitha. 

Bofli adult parasites and moths emerge earlier in the spring from 
larvae which Mbemate in outdoor cages than from larvae which 
hibernate in the insectary. In outdoor cages the spring emergence 
of the moths occurs considerably earlier than the spring emergence of 
the parasites. 
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During late summer and early fall there is a period during which 
eggs deposited by Macrocentrus and by Grapholitha may produce 
both transforming and wintering progeny. 

There were five generations of this parasite in the Riverton- 
Moorestown area in 1927 and in 1928. 

Macrocentrus hibernates as a first-stage larva within the full-grown 
hibernating larva of the oriental fruit moth. Many parasite cocoons 
that are constructed late in the fall and in the spring fail to produce 
adult parasites owing to mortality of the prepupae and pupae. 
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EFFECT OF SIZE OF CROWN AND LENGTH OF CUTTING 
SEASON ON YIELDS OF ASPARAGUS ^ 

By E. S. Haber 

Asnsiard Chief in Vegetable CropSf Iowa Agricultural Experiment Nation 

INTRODUCTION 

Plants of Asparagus officianalu L. produced from field-run seed vary 
potentially from very poor yielding to very good yielding, the largest 
number being intermediate in yield. Nurserymen selling asparagus 
crowns usually grow them from seed planted m a nursery row. The 
seedlings are allowed to remain in the row for one or two years before 
they are transplanted to the permanent plantation. Many l^ear- 
old crowns are small, especially if the seed is sown too tliick. These 
small roots may have genetic potentialities for larger yields. Should 
they be discarded or will they produce satisfactory yields? 

Root selection in asparagus has been advocated for a number of 
years. In selecting for size, however, there is always the possibility 
that crowns discarded because of their smallness might have pro- 
duced satisfactory yields had they been planted in the permanent 
location. The small size might have been due entirely to environ- 
mental conditions in the nursery row, such as crowding, poor soil, or 
lack of moisture, and not to factors of heredity. Under favorable 
conditions for growth the plant might have reached normal size and, 
since cutting is usually delayed for two years after the crowns are 
planted, the small crowns might have yielded as well as the large ones. 

The purpose of tlie investigation herein reported was to determine 
(1) the effect of size of root at planting on the subsequent yield of 
the plant, and (2) the effect of length of cutting season on yields. 

REVIEW OF LITERATURE 

Robbins and Jones (6y 7) ^ found that staminate plants outyield 
pistillate plants. This difference in yield is greater early in the 
season than later, and the pistillate spears are, on an average, larger 
than the staminate spears. This confirms the findings of Green (2) 
and Tiedjens (.9). 

Myers (6) reports the yields of three grades of crowns for a period 
of six years. He found little difference in yield between first and 
second grade crowns, but small crowns produced yields decidedly in- 
ferior to the first two. Jones and Robbins (4) found that desiccated 
crowns produced 12.4 per cent less the first year and 27 per cent less 
the second year than nondesiccated crowns. Unpruned crowns out- 
yielded pruned crowns by 14 per cent the second season. The same 
authors (3) concluded that no injuiy resulted from harvesting spears 
for a short time the year after planting. Schermerhorn (8) concluded 
that the diameter of brush did not necessarily indicate the diameter 
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of the spears that might be cut the following spring. A more accu- 
rate index of plant performance is the actual diameter and number of 
spears per plant. 

RELATION OF SIZE OP CROWN TO YIELD 

In 1927 an experiment was started to determine what effect the 
size of the roots at planting time would have on the yield of the 
plants. One hundred and fifty 1-year-old crowns were dug from the 
nursery row in the spring before growth started. These were taken 
to the laboratory immediately, washed free of earth, surface-dried 
with a soft cloth, weighed, and immediately planted in the field. 

The roots were not selected but were taken at random from the 
nursery row. They ranged in weight from 3 to 57 grams. They 
were planted 4 by 2 feet in 1927, and no cuttings were made until the 
spring of 1929. When the plants bloomed, it was found that there 
were 79 male and 71 female crowns. The records of cuttings were 
kept for each plant, the total weight of spears and the number of 
spears produced at each cutting being recorded. The spears were 
cut when 6 to 8 inches high. Cuttings were made until June 15 each 
year. 

Unless individual yield records have been kept for asparagus plants, 
it may be thought that an asparagus plant yields continuously at 
every cutting throughout the season. This is not the case with every 
plant, and very few plants yield marketable spears at every cutting. 
Table 1 gives the individual yield records of some high and some low 
yielding plants for 1931. It may be seen from this table that many 
plants yield very little throughout the season, while others are com- 
paratively heavy yielders. The roots of the heavy-yielding plants 
averaged 20 grams each when planted and those of the low-yielding 
plants averaged 16 grams each. 

In Table 2 are presented the number of spears, total weight of 
spears, and average weight of spears for each sex for the first three 
cutting seasons. 

Male crowns produce a greater number of spears and a heavier 
yield per plant than female crowns. On the other hand, female 
crowns produce spears of larger diameter, as is indicated by the 
average weight of spears. The average weight of the male crowns 
at planting was slightly greater than that of the female crowns. 
However, if all crowns that weighed 15 g or less had been discarded, 
more male crowns would have been discarded than female crowns. 
These observations are only incidental to the main problem and are 
with the results reported by other investigators. 

The question arises as to the advisability of planting all male 
pl^ts rather than both male and female. According to Robbins 
and Jones (^), asparagus seedlings in California frequently bloom in 
September of the year in which the seed is sown, so that it is possible 
to select l-year-old male plants, but in the Northern States plants 
do not bloom the first year and a few do not bloom the second year. 
One-year-old crowns are superior to 2-year-old crowns, so that it 
would not pay, probably, to grow them two years to determine the sex. 
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Table 1. — Yields of certain low and high producing asparagus plants ^ on various 

dates in 1931 

fTbe figure before the dash represents the nuinbcr of spears, and the figure after the dash, the weight of the 

spears in grams] 


Plant No. 

Apr. 18 

Apr. 24 

May 2 

May 5 

May 16 

May 19 

May 23 

May 25 

May 27 

15 

3—60 

1—8 

2—58 

1—24 

3—56 

3—62 

3-62 

1—40 


28 


»-20 

8—118 

4—96 

6-120 

3—62 

2—18 

5—96 

3—28 

46 


8—90 

2-16 

5—42 

6—40 

6—80 

3—90 

1—10 

7—62 

102 


3—126 

2-64 

4—112 

4—232 

1—36 

2—60 

2-64 

106 


1—8 

9-84 

3—44 

10—296 


3—82 

1—18 

4—32 

n« 

1—14 


8—102 

4—80 

2—42 

6-180 

2—20 

3-52 

2—26 

31 





1-16 


44 


1—20 

1—8 

1—10 


1—12 




61 







1—30 



119 




1—24 


1 -24 




120 






1—26 




115 




1—32 

1—18 

2—66 



1—26 

89 




1—68 

1—52 

1—22 



2--112 

92-- 






1—18 





















Total 

Total 

Plant No. 

May 29 

June 1 

Juno 4 

June 6 

June 9 

June 11 

June 13 

number 

weight 









of spears 

of spears 

15 


1—8 

2—36 

2—48 

4— .54 

1— J8 


27 

534 

28 

2-26 


9—258 I 

1—10 

5-72 

2—16 

4-64 

56 

994 

46. 


3 - .32 

1—8 1 

6—112 


4—42 

6—66 

57 

680 

102 . 

4 ---106 


2—32 j 

1—24 


3—62 

2—52 

30 

960 

IIXJ... 

4-06 

2^2 

1—16 1 

6—94 


5—48 

* 56 

896 

118 

1-16 

3—48 

5—130 i 

3—68 

3-38 

1— 16 

2—16 

46 

838 

31 



1—18 ; 



1 -24 


3 

.58 

44 




1—8 


1—12 


6 

70 

61 


1—26 




1—6 

1-20 

4 

82 

119 




1—18 



3 

66 

120 


1— M 



1—20 

1 


3 

72 

115 


1—28 1 

1 

1 

2—106 i 

. i 

1 

g 

276 

89_ 


1—18 I 



_ 1 

1—76 


7 

348 

92. 


1-14 


I 

. _ 


2 

32 



! 


1 

1 



Table 2. — KteWs of male and female asparagus plants, 1929-1931 
[The standard deviation rather than the probable error follows each mean] 


Average 

PianN weight of 

^ 'crowas wher 

1 planted 

1 

1 1929 

i Average 
weight of 
si)ears 

Grams 
17.36i:0.67 
17.68± .43 

Spears per 
plant 

Total weight 
per plant 

Grams 

162. 83±K. 59 
119.78=fc5.90 

Male 

Female 

Average. 

j 

I Grams 
...! 22.11^:1.74 
.. 1 20.46±1.87 

Number 

9. 59d:0. 52 
7.02rfc .35 

...j 21.68dbl.78 

17. 49± . 66 

H.48± .47 

144. 25±7.36 

Plants 

1930 

1931 

Average 
weight of 
spears 

Spears per 
plant 

Total weight 
per plant 

Average 
weight of 
spears 

Spears per 
plant 

Total weight 
per plant 

Male .. 

Grams 
16.82±0.55 
21.09=t .51 

Number 

15. 37d:0.88 
9.39:1: .05 

Grams 

246.68d:12.28 
184.44^3 8.91 

Grams 

18. 74db0. 16 
21.66db .05 

Number 
21.33i:0.97 
11.05± .68 

Grams 
39.3.35:1:3.92 
248. 17d:2.95 

Female 

Average j 

18.66i; .53 

12.79± .73 

219.82:1:10.06 

10.96d= .09 

16.89± .78 

332.37±3.63 
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On the top line, or line A, of Table 3, are presented the correlation 
coefficients between weight of crown at planting and average weight 
of spears; weight of crown and number of spears per plant; and weight 
of crown and total weight per plant for the years 1929, 1930, and 
1931. The correlation coefficients were calculated separately for the 
male and female plants and the total correlation coefficients pre- 
sented in Table 3 were secured by pooling according to Fisher^s (/ ) 
method, which gives the same benefit as the use of a larger number of 
observations. 

In lines B, C, D, etc.. Table 3, are presented the correlation coeffi- 
cients between average weight, total weight, and number of spears for 
three years. These were obtained as a matter of interest and haye 
no bearing on the coefficients between crown weight and other varia- 
bles presented in line A. The tests of significance were taken from 
Wallace and Snedecor's (iO) table of significant values of r, R, and t 
adapted from Fisher^s (/), tables of f and z. 

Table 3. — Correlation coefficients for asparagus Plants, 1929-19S1 


MALE PLANTS 


A 

B 

C 

D 

E 

F 

f « : 

ji 

1 1 

J 

Weight of 
crown 

Average 
weight of 
spears, 
1931 

' Number 
spears 
per 
plant, 
1931 

Total 

weight 

per 

plant, 

1931 

Average 
weight of 
spears, 
19.30 

Number 

spears 

per 

plant, 

1930 

Total 

weight 

per 

plant, 1 
1930 

Average 
weight of 
spear.s, 
1929 

1 

Number 
, spears 
per 
Xtiant, 
1929 

Total 

weight 

per 

plant, 

1 1929 

A 

0.0135 

« 0. 2745 

« 0.2521 

0. 0439 

“ 0. 2099 

*0.3101 

O.OO.IO 

‘ 0. 3691 

‘ 0. 3447 

B 

-.0816 

“.2771 

‘.6148 

-.0039 

.2414 

‘.4135 

. 1687 

.2469 

C 


‘.8874 

-.1195 

K 9016 

7779 

-.0140 i 

‘. 7113 

‘. 6263 

n 



.0889 

‘. 7946 

‘.8472 

. 1.317 1 

7667 

‘. 7666 

E 





1843 

*. 3043 

‘. 6162 

-. 0.329 

«. 2641 

F 





‘.8269 

-.0882 1 

7029 

‘. 6464 

O 






.2158 

‘. 7166 

‘. 7430 

H. 






-.0270 

3700 

I 







‘. 8736 



* 



1 




i 

FEMALE 

PLANTS 

A ' 

B 

0. 0167 

-0. 1808 
-.0666 

-0.1725 

“.3648 

‘.7266 

-0. 0276 
‘.5388 
-.1946 
.1001 

«-0. .3024 
-.0660 
‘. 7476 
‘.6106 
3134 

«-0. 3281 
». 3279 
‘. 6639 
7682 
. 2378 
‘. 8047 

0. 0201 
‘. .6868 
1226 
.0640 
*.6031 
-.2002 
. 1623 

-0.1848 
-.1167 
*. 7786 
‘.6007 
1342 
*. 7667 
*. 6610 
.1204 

-0.1771 
.1603 
‘.6008 
*. 5279 
.1091 
*. 6618 
*. 6466 
*. 4387 
‘. 8076 

C. . . i 

D 1 ! 


F, 



F 




0 ' 1 





n... !.... ‘ 






I ...j j 


. 










! 1 


ALL PLANTS 

A 

0.0147 

0.1603 

-.0622 

0. 1189 
‘. 2919 
*.8463 

0.0082 

‘.6678 

-.1233 

.0878 

0. 1241 
-.0631 
‘.8787 
*. 7621 
2039 

0.0074 
‘. 2717 
7269 
‘.8172 
‘.2640 
*. 8017 

0.0466 
*. 4986 
-.0388 
.1026 
‘.6026 
-.0114 
.1034 


0. 1677 
*. 2301 
*. 6024 
‘.6889 
« 2250 
‘.6378 
‘.7107 
*. 3027 
‘.8630 

B 

c 


D 



E : 




F 





G 






H 







I 







i 








i 

1 : 


• Signifioant. » Highly significant. 


The average weight of sjjears was not correlated with size of crown 
in male or female plants in any of the three years^ data recorded. 
Total yield or total weight of spears was significantly correlated with 
weight of crown in male plants for three years; in 1929 the correlation 
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coefficient was highly significant. With the female plants there was 
a negative correlation between yield and weight of crown, but in 
1930 only was this negative correlation significant, and then only 
slightly so. The correlation coefficients between number of spears 
per plant and weight of crown were slightly significant in male plants, 
but only one significant negative correlation was found in female 
plants. 

There are no significant correlations between average weight of 
spears and number of spears in either sex except in the female plants 
in 1930, when a slightly significant correlation was found. Total 
weight of spears per plant and number of spears are highly correlated 
in the same year, or what one might expect the following year or two 
years later. 

Total weight of spears in any one year is highly correlated with total 
weight of spears in each of the other two years, and the same relation - 
sliip holds true for number of spears and average weight of spears for 
either sex; i. e., if one secures a liigh yield or a large number of spears, 
or spears of large diameter from crowns for one season, one may 
expect approximately the same relationship in following years. 

EFFECT OF THE LENGTH OF THE CUTTING SEASON ON YIELDS 

A matter of interest to professional as well as to amateur gardeners 
is the season of year ana the length of time asparagus mav be cut 
without detriment to future yields. Since there is a ready sale for the 
product quite late in the summer, this matter is important. 

To determine the effect of length of cutting season on yields, a series 
of plots was planted in 1927. The plants were set 2 feet apart in rows 
4 feet apart and 100 feet long. The soil was Webster silt loam, and 
no fertilizers were applied either before or after planting. The first 
cuttings were made in 1929. Three years^ records, 1929, 1930, and 
1931, are now available. Each year rows were cut as follows: 
6 rows were cut up to and including May 1 ; 8 rows were cut up to and 
including May 15; 8 rows were cut up to and including June 1; 
8 rows were cut up to and including June 15; 6 rows were cut up to 
and including July 1 ; and 6 rows were cut up to and including July 15. 
The rows to be cut were selected at random at the beginning of the 
experiment. They were not located in a solid block but were scattered 
through the field. 

In Table 4 are presented the average total yield and the average 
number of spears for the replicates in each series. 


Table 4. — Average yield and average number of spears of the asparagus replicates 
for each date of cutting 


Date when cutting 
ceased 

Weight of 
asparagus 
cut 1 

Spears cut 

Date when cutting 
ceased 

Weight of 
asparagus 
cut 

Spears cut 

May 1 1 

[1029 

1930 

Ounces 
34.3=b 2.44 
46.8db 2.88 
93. 0±13 . 46 
83.4:4: 4.32 
174.0d=10.32 
191. B± 7. 64 
209. 0d= 4.68 
217. 0d= 6.18 
342. 6d= 6.97 

Number 

79. 0± 6. 68 
65. 5=1: 4. 10 
16a8=t20.10 
159.0=fc 7.50 
238. Isbll. 24 
243.7±ll.e0 
349. 7± 7. 19 
343. 5=1: 9. 93 
633.0^11.82 

June 16 1 

lilliilii 

Ounces 

290. 0=hl4. 76 
262. 6=1:13. 39 
470. 8db26. 12 
m8d=19.37 
360. 8=bl0. 22 
564. 3=bl9.89 
413. 2=i=32. 60 
393. 6dbl7. 76 
40S.2d=41.45 

Number 
\ 496.9=b24.42 
479. 7±24. 71 
796.3=fc26.12 
672.0±30.50 
678.3^=26.81 
976.2d=44.a3 
770.6^=42.43 

1 678. 5±29. 71 

1 926. 0=1=64. 96 

Mav 16 -| 

[1931 

[1929 

1930 

1931 
1920 
1930 
[1981 

July 1.. 1 

June 1 1 

July 16 \ 
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All rows cut in 1931 showed an increase in yield over the precedmg 
year, although this increase was slight for rows cut up to and including 
July 15. All rows showed an increase in number of spears irrespective 
of length of cutting season in 1931. A slight decrease in yield irre- 
spective of treatment in 1930 as compared to 1929 occurred ih rows 
cut up to and including June 15, July 1, and July 15. Rows cut until 
May 1, May 15, and June 15 showed only a very small increase in 1930 
as compared to 1929. This small increase may be accounted for by 
the fact that three very heavy freezes occurred after the beginning of 
the growing season, and it was impossible to obtain yield records for 
this period since all spears were killed. Also, the severe drought of 
1930 affected the June 15, July 1, and July 15 plots. Rows cut until 
July 15 in 1931 showed a decidedly smaller yield than rows cut until 
June 15 or July 1, even though the cutting season extended two weeks 
and one month longer, which represented 7 and 13 more cuttings, 
respectively. 

In Table 5 the mean differences between yields and number of 
spears are presented along with the probability (P) values secured 
from Fisher’s {!) table of #. There is a significant difl’erence in 
yields between rows cut imtil July 1, 1931, and those cut until June 
15, 193 1 . In other words, the yield was greater by cutting longer, and 
apparently cutting until July 1 in 1929 and 1930 did not cause a 
decrease in yield in 1931. On the other hand, rows cut until July 15, 
1931, did not yield as much as those cut until June 15, although 13 
more cuttings were made. The long cutting season in 1929 and 1930 
(to July 15) seriously affected the yielding capacity of the rows in 
1931, since the value of P is not significant between the mean values 
of June 15 and July 15. 

Table 5. — Mean differences {M. D.) between yields and number of speais^ with 
probability values (P) for asparagus plots cut at different dates in t9Sl 


DIFFERENCE 'BETWEEN PLOTS CUT UNTIL JUNE 15 AND JULY 1 


Item 

■ ' 1 

M.D. 


Significance 

Yield ounces. - 

Spears number. . 

83.6d=33.R7 

179.«±62.84 

1 

0. 06~0. 02 
.02- .01 

Significant. 

Do. 

DIFFERENCE BETWEEN PLOTS CUT UNTIL JUNE 

16 AND JULY 15 

Yield ounces.. 

Si)ears number. . 

-62.6±46.fi6 
12e.7i:74.91 1 

0. 2-0.1 
.2- .1 

Not significant. 

Do. 

DIFFERENCE BETWEEN PLOTS CUT UNTIL JUNE 

1 AND JUNE 15 

Yield.., ounces,. 

Spears number.. 

]28.3:I;25.83 

262.3±44.73 

(«) 

(“) 

Highly significant. 

Do. 


Less than 0.1. 
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Table 6. — Analysis of vaiiance 
TREATMENT OF YIELDS 



Degrees of 

Sum of 

Mean 

Standard 

Log 


freedom « 

squares 

squares 

deviation 

S. D.« 

Between clftsscs - 

3 

101, 370. 6816 

33, 790. 1739 

183. 821 

5. 2185 

Within classes 

24 

37, 383. 266 

1, 557. 6366 

30. 4669 

3.6815 

Total - - ... 

27 

138, 763. 8376 

5, 139. 031 

71. 6870 

6 1.5370 

TREATMENT OF NUMBER OF SPEARS 



Between classes 

3 

133, 804. 063 

44, 631. 361 

! 211.2613 

6. 3608 

Within classes 

24 

103, 663. 439 

4,315. 143 

1 65. 6897 

4. 1914 

Total... 

27 

237, 457. 492 

8, 794. 721 

1 93. 780 

1 l.lf584 


» 5 per Cfiiit point of the distribution of Z*0.6508; l^jer cent point“0,7757. ^ Difference. 


Do rows cut until June 1 yield as well as those cut until June 15? 
Perhaps cutting even till the middle of June may have caused some 
decrease in yield in 1931. However, since the value of P is highly 
significant, it is evident that the yield was increased by cutting until 
June 15. 

It was thought well to determine what the rows yielded in 1931 when 
yield records were taken to a definite date; in other words, the yields 
were determined to June 1 for rows that had been cut a longer period 
during the three years. The same statistical treatment was used for 
yields to June 15 for rows cut longer than this period. To determine 
whether differences in weight and number of spears were due to 
differences in length of cutting season or whether they were due to 
random sampling, Fisher ^s (/) analysis of variance was used in a 
statistical treatment of the data. (Table 0 ) 

The values for the 5 per cent and 1 per cent points of the distribution 
of z (taken from Fisher’s (1) table of z) for the number of degrees of 
freedom involved when compared with the difference of the logarithms 
of the standard deviations, indicate that the differences obtained 
probably are due to the treatment rather than to random sampling. 

In Table 7 the weight and number of spears to June 15 for rows cut 
after this date are treated by analysis of variance. The mean differ- 
ences between June 15 and July 1 rows (cut until June 15, 1931) are 
not significantly different since the values of P are not significant. 
Mean differences between June 15 and July 15 rows (cut until June 
15, 1931) are significantly different, as are the mean differences 
between July 1 and July 15 rows (cut until June 15, 1931). From 
this it may readily be seen that cutting until July 15 is entirely too 
long for maximum yields in the following years. 

In Table 8 the weight and number of spears to June 1 for rows cut 
after this date are treated as in Table 7. No significant differences 
were found to June 1, 1931, between rows cut until June 1 and June 
15 during the two preceding years, nor were there significant differ- 
ences between June 1 and July 1 rows in yield and number of spears 
to June 1, 1931. On the other hand, highly significant differences 
were obtained between Jime 1 and July 15 rows cut to June 1, 1931, 
and also between July 1 and July 15 rows cut to the same date. By 
taking the yeilds to a definite date for all rows, a comparison may be 
made which includes the same number of cuttings for all treatments. 
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Table 7. — Mean differences (M. D.) between yields and number of spears^ with 
probability values (P) for asparagus plots cut at different dates in 19S1 

DIFFERENCE BETWEEN JULY 1 AND JUNE 16 PLOTS OUT UNTIL JUNE 16 


Item 

M. D. 

P 

Significance 

Yield 


ounces.. 

. number.. 

65.3d;30.Ql 

90.0±67.24 

0. 2-0.1 
.2- .1 

Not significant. 

Do. 





DIFFERENCE BETWEEN JULY 15 AND JUNE 16 CUT UNTIL JUNE 15 



ounces.. 201. 5db37.(W 


Significant. 


Bnears 

number.. 1 240.6^=60.44 


Do. 


1 





DIFFERENCE BETWEEN JULY 15 AND JULY 1 CUT UNTIL JUNE 16 


Yield 




ounces— 

.number.. 

1 

140. 2zk2S. 0.3 I 
150. 6=t48. 99 

(•) 

(•) 

Significant. 

Do. 









• Less than 0.01. 


Table B.'—Mean differences (M. D.) between yields and number of spears^ with 
probability values (P) for asparagus plots cut at different dates in 1931 

DIFFERENCE BETWEEN JUNE 1 AND JUNE 15 PLOTS CUT UNTIL JUNE 1 


Item 

M. D. 

P 

Significance 

Yield ounces.. 

Spears number.. 

16.025d=20.0066 

47.876=h32.4679 

0.6-0. 4 
. 2- . 1 

Not significant. 

Do. 

DIFFERENCE BETWEEN JUNE 1 AND JULY 1 PLOTS CUT UNTIL JUNE 1 

Yield - ounces.. 

Spears number... 

36.(i67±23.4140 

32.000db42.0680 

1 

0. 2-0. 1 
.6- .4 

Not significant. 

Do. 

DIFFERENCE BETWEEN JUNE 1 AND JULY 16 PLOTS CUT UNTIL JUNE 1 


143.833=b28.428H 
148. 333±42. 4404 

(“) 

(“) 

Highly significant. 

Do. 

Spears number.. 

DIFFERENCE BETWEEN JULY 1 AND JULY 16 PLOTS CUT UNTIL JUNE 1 

Yield - ounces.. 

Spears number.. 

107.165^:10.0848 | 
1 116, 333±36. 0741 j 

1 ^ 


Highly significant. 

Do. 


• Less than 0.01. 

SUMMARY AND CONCLUSIONS 


Since it i& usually impossible to determine the sex of 1 -year-old 
asparagus plants in the Northern States, and since the weight of female 
cro'^s average slightly less than that of male crowns, it might be well 
to discard very small crowns because of the possibility that by so doing 
a large number of male crowns would be retained. 

The results of the correlation studies herein reported confirm the 
conclusions of several other workers in showing that male crowns 
produce a greater number of spears and a heavier yield per plant than 
female crowns and that female crowns produce spears of larger 
diameter. 

Under the conditions of these experiments significant correlations 
exist in male asparagus plants between the weight of 1-year-old 
crowns when planted and the number of spears and total weight of 
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spears produced during the first three cutting seasons. There were 
no significant correlations between the weight of the crown at planting 
and the average weight of the spears produced. Female plants 
during 1 930 showed a significant negative correlation between weight 
of crown and total number of spcam and total yield; however, in the 
preceding year and in the following year no such correlation existed. 
When male and female plants are pooled, no significant correlation 
coefficients are found between these factors. 

For the three years' data recorded there seems to be an increase in 
weight and number of spears for all rows irrespective of length of 
cutting season, except rows cut until July 15. There is an increase 
in production for 1931 in each successive series except for rows cut 
until July 15. Rows cut until July 15 in the third year did not yield 
as much as rows cut until June 15, although 13 more cuttings were 
made. Rows cut until July 15 did not yield as much as the rows cut 
until July 1, although 7 more cuttings were made. Cutting until 
July 1 and June 15 in 1931 greatly increased the crop produced as 
compared with rows cut until »Tune 1 , 1931 . 

June 1, June 15, and July 1 rows yielded to June 1, 1931, approx- 
imately the same amount; at least no significant differences were 
noted; as compared with these same series, the July 15 rows cut to 
June 1, 1931, showed a significant decrease in yield. Under the con- 
ditions of this experiment, throe years’ cutting records deihonstrate 
that July 15 is entirely too long to harvest asparagus. The rows cut 
until July 1 showed no decrease in yield, but the increases over the 
rows cut a shorter period of time though significant are not highly so, 
and future records may disclose that this date is entirely too late to 
harvest. 
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THE VALUE OF IODINE FOR LIVESTOCK IN CENTRAL 
PENNSYLVANIA 


By E. B. Forbes, Director, Institute of Animal Nutrition, Pennsylvania State 
College; Geo. M. Kahns, Senior Industrial Fellow, Mellon Institute of Indus- 
trial Research; S. 1. Bechdel, Professor of Dairy Production, P. S. Wil- 
liams, Associate Prohssor of Dairy Husbandry, T. B. Keith, Assistant in 
Animal Husbandry, E. W. Callenbach, Associate Professor of Poultry Hus- 
bandry, and R. R. Murphy, Graduate Assistant in Poultry Husbandry, Penn- 
sylvania State College 

INTRODUCTION 

A series of feeding experiments was conducted at the Pennsylvania 
State College in cooperation between the college and the Mellon 
Institute oi Industrial Research — the latter acting through the 
multiple industrial fellowship of the Iodine Educational Bureau — for 
the purpose of studying the value of iodine when fed to farm animals, 
in a manner supplementary to ordinary rations, under conditions 
present in central Pennsylvania. 

In relation to the iodine content of feeding stuffs and waters, central 
Pennsylvania is sometimes spoken of as a border-line district, in the 
sense that the needs of domestic animals for iodine are ordinarily 
satisfied, while an occasional appearance of goiter or of hairlessness in 
young animals shows that the usual margin of safety in the supply of 
iodine is so small that a deficiency sometimes occurs. 

The essential relation of iodine to the function of the thyroid gland 
being thoroughly established, and deficiency of iodine in food or water 
having been shown to be at least a major cause of disturbance of 
thyroid function, a special interest attaches to the iodine problem in 
regions such as central Pennsylvania in which there is no acute, 
general iodine deficiency, since it is not known that supplementary 
iodine is of value only in regions in which the iodine content of food- 
stuffs and waters is so deficient as to manifest itself through the 
prevalence of goiter and related disorders. 

In other words it is at least logically possible that iodine might 
have a nutritive value in relations other than with the thyroid, and 
the special object of this study was to throw light on this possibility. 

SCOPE OF INVESTIGATION 

The scope of the investigation was as follows: (1) A feeding experi- 
ment was conducted with 25 Holstein-Friesian cows which were 
infected with Brucella abortus, and which were individually subjected 
to maximum dosage with iodine in an effort to learn the effects of such 
treatment on the course of the abortion disease; (2) a feeding experi- 

» Received for publication Dec. 16, 1931; issued August, 1932. 

* The general outline of this project was proposed by E. B. Forbes, who aLso maintained direct over- 
sight of the experimental work and the preparation of the results for publication. Geo. M. Karns devised 
and prepared the iodine supplement employed, performed the iodine estimations on feedstuffs and drink* 
ing water, and cooperated in directing the exiieriment, through correspondence and personal visits. S. I. 
Bechdel and P. S. Williams conducted (1) a feeding experiment on cows infected with Brucella abortm, 
to determine the effect of the maximum dosage of iodine on the course of the disease, and (2) a feeding 
experiment with calves to determine the value of supplementary iodine for growth. T. B. Keith con- 
ducted exiieriments with swine, and also with lambs fed as matched pairs or in gxoups, to learn the value of 
supplementary iodine in their growth. B. W. Cidlenbach and R. R. Murphy conducted a ftieding experi- 
ment with chickens to learn the effects of Iodine on growth and early egg production. 
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ment with 42 Holstein-Friesian calves, fed as 21 matched pairs, to 
determine the value of supplementary iodine for growth; (3) a feeding 
experiment with 40 swine, fed as 10 lots of 4 individuals each; (4) a 
feeding experiment with 30 lambs fed as 15 matched pairs, and a 
feeding experiment with 171 lambs, fed as 6 lots of 28 or 29 individuals 
each, to learn the value of supplementary iodine in the growth of 
these animals; and (5) a feeding experiment with 701 chickens, fed in 
4 groups of 160 to 187 each, to learn the effects of iodine in the growth 
and early egg production of this species. 

In all, therefore, 1,009 animals wore fed in this investigation. 

The iodine was administered in nearly the whole of this work in the 
form of a new preparation — ^iodized linseed meal. This was elemental 
iodine so combined with linseed meal as to leave but a trace of free 
iodine. 

In the preparation of this compound a certain quantity of old- 
process linseed meal is placed in a tumbling mill with a known quantity 
of iodine. The two are then intimately mixed for about 12 hours, by 
the end of which time the meal and the iodine have become uniformly 
mixed and a reaction between the two has begun. The preparation 
is then stored under such conditions that uncombined iodine will not 
be lost, and the reaction between the two components is completed 
within a few days. The meal is then standardized as to iodine 
content. 

This preparation was made several times during the course of the 
experiments, the several lots being standardized to contain from 4 to 
about 10 per cent of iodine, and the iodine was fed in this form in all 
the experiments except during a very small portion of the work with 
calves. 

The results of these experiments therefore apply with certainty 
only to the particular preparation of iodine which was employed, and 
the reaction of the animals to dosage with this preparation rendered 
perfectly clear the fact that theii* tolerance for iodine in this prepara- 
tion is much less thdn for iodine as potassium iodide. 

The dosage of iodine employed, expressed in milligrams of iodine 
per day, per 100 pounds live weight, was as follows: Calves, 20; .sheep, 
30; swine, 50; chickens, 50. 

This dosage, which may properly be designated as therapeutic 
rather than nutritional, in view of the minuteness of the quantities 
of iodine involved in the functioning of the thyroid gland, was arrived 
at after a review of published reports on other feeding experiments in 
which iodine was administered in quantities greater than those re- 
quired for the maintenance of thyroid function. It is not known that 
the liberality of the dosage was in any way prejudicial to the state 
of nutrition of the experimental subjects. 

These experiments were conducted with a certain degree of con- 
sideration of the locality involved, since the geographic distribution 
of iodine is significant in relation to animal nutrition; but it was 
considered more desirable to feed the animals in a manner repre- 
sentative of prevailing custom in the section than to restrict them to 
locally grown feeds, since central Pennsylvania does not depend 
in the main on feeding stuffs produced within this section, and it 
was not practicable to feed these animals as they are normally fed 
and at the same time feed them exclusively on locally proauced 
products. 
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The rations, therefore, were composed not only of local products 
but also, to a large extent, of feedstuffs purchased in the market and 
of unknown geographic origin. The experiments were all conducted 
in dry lots. Had they been conducted on pasture the local influence 
would have been much more pronounced. 

The iodine content of the feeding stufl's employed is given in 
Table 1. In general the iodine content of this group of products 
does not vary greatly, but as exceptions to this statement the oyster 
shell was appreciably richer in iodine than were the feeds of agri- 
cliltural origin; the poultry mashes were also rich in iodine, probably 
on account of the iodine content of the cod-liver oil contained; and 
the grain mixture fed to calves contained very much more iodine than 
is known to be characteristic of any of the feedstuffs of which they 
are composed. Unfortunately it was impracticable to determine 
whether some one of the constituent feeding stuffs was responsible 
for this surprisingly hi^h iodine value,*or whether it was due to some 
unaccountable contamination. In all cases the basal ration contained 
iodine in quantities sufficient for the maintenance of thyroid function, 
as estimated from observations by Marine and Kimball on dogs.* 

Table 1. — Iodine content and origin of feeding fiivffs and water uned in various 
feeding experiments with different kinds of farm animals 


Subjects of experiments 


Focdiiif? stuff 


40 swine 


I 

I 

42 calves j 


171 lambs 


1 

1 


30 lambs 


701 cbickcns 


Linseed meal 

Digester tankage . 

Corn (maize), grain 

Oats, grain 

Wheat middlings 

Salt 

Water 

drain mixture 

Timothy hay 

Alfalfa hay 

Mixed hay 

Clover hay 

Skim milk 

Salt — 

Water ... 

Corn (maize), grain 

Linseed meal 

Mixed hay . . 

Rock salt--., . 

Water 

("orn 

Linseed meal 

Alfalfa hay 

Salt 

Water .. 

Mash Nos. 1 and 2 . . 

Mash Nos. 3 and 4 

Scratch grains 

yomlsolid buttermilk 

Oyster shell 

Grit 

Water 


,do 

Local - , 

Scranton, Pa 

Spring Greek 

Market, Buffalo, N. Y, 

do- 

do - 

Local- 

Local market 

do 

College well - 



Iodine, 

Origin 

parts per 


billion'* 

Market, unknown origin 

90.3 

do 

IIS 

do. 

5.5. 5 

do__ 

101 

Local mill . 


Scranton, Pa 

130 

Spring Creek 

1.8 

Part local, part market, 

27,300 

Kylertowu, Pa 

1 115 

Now Jersey 

1 78 

Kylertowu, Pa 

! 60 

Ohio 

1 61.8 

Local 

1 70. 7 

Scranton, Pa 

! 130 

College well - 

1 1.1 

Market, unknown origin.. 

1 ,55. 5 

do- 

; 90.3 

TiOcal 

150 

Scranton, Pa 

' 105 

College well- 

1.1 

Market, unknown origin 

56. 5 


90 J 
78 
130 
1.8 
1,040 
1,090 

19.4 
40 

444 

44.5 

1.1 


® Dry basis, except for waters, 

* Marine, D., and Kimball, 0. P. the prevention op simple goiter in man. a .survey of the 

INCIDENCE AND TYPES OF THYROID ENLARGEMENTS IN THE SCHOOJ,GmLS OF AKRON (OHIO) FROM THE 6TH 
TO THE i2Tn GRADES, INCLUSIVE-*THE PLAN OF PREVENTION PROPOSED. Jour. Lab, and Clin. Med. 3: 
[40H8,illu8. 1917. 
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OBSERVATIONS ON THE EFFECTS OF ADMINISTERING IODINE TO 
COWS INFECTED WITH BRUCELLA ABORTUS 

In the study to determine the reaction of cows affected with abor- 
tion disease to heavy dosages of iodine, the 25 cows used as subjects 
were from a herd of grade Holstein-Friesian cattle, maintained for 
experimental purposes on college farm No. 12, which is 2K miles from 
the main dairy barn of the college. 

Regular periodic blood tests revealed that this herd was free from 
abortion disease until the summer of 1929. At this time an outbreak 
of infectious abortion occurred, and vigorous steps were at once 
taken to prevent its spread. All reacting or suspected animals were 
removed to a quarantine barn about 2 miles away, but in spite of the 
fact that blood tests were made every two weeks, it seemed impossible 
to prevent a rapid spread of the disease throughout the herd. In 
fact 31 of the 40 cows reacted to the blood test before the spread of 
the disease was finally stopped. 

As the plan of management included the holding of the reacting 
animals in quarantine for some time, an excellent opportunity was 
afforded for the experimental administration of iodine to infected 
cows and to some others which had been exposed but which had 
not reacted to the agglutination blood test.^ 

Iodized linseed meal was given, therefore, with the regular ration, 
in as large quantities as the animals would eat without going off feed. 
The heroic dosage employed was based on recommendations for the 
treatment of actinomycosis by administration of potassium iodide. 

The rations of 11 of the cows (Nos. 5, 8, 12, 13, 16, 17, 18, 21, 32, 38, 
and 41) consisted of a grain mixture containing 17.5 per cent of pro- 
tein, corn silage and alfalfa hay; while the ration of the remaining 
14 cows consisted of a grain mixture containing 24 per cent of protein, 
corn silage and timothy hay. 

Each of the cows was 3 years of age, and the greater number of 
them were in their second pregnancy. 

NOTES ON INDIVIDUAL COWS RECEIVING IODINE 

Cow No. 5 between December 4 and December 12 received 17 g of iodine; 
agglutination tests previous to July 17 were all negative; reaction was positive 
July 17, August 23, October 14, November 14, November 19, December 4, and 
December 13. The cow carried her calf until she was slaughtered December 13; 
she was due to freshen February 19. This cow received iodine eight days only. 

Cow No. 8 between December 4 and January 1 received 51 g of iodine; aggluti- 
nation tests were negative until April 1, when the test was doubtful; the reaction 
was positive April 15, negative May 1, doubtful July 17 and August 23, negative 
October 14 and 31, and November 14, and highly suspicious December 3. The 
cow calved on the date due, December 22; the calf was normal; the reaction was 
suspicious December 17, and slightly suspicious December 31. This cow reacted 
positively only once, on April 15, over seven months before iodine fc^eding was 
begun. Saniples of the placenta and amniotic fluid were subjected to a test for 
Bang bacillus by injection into guinea pigs. The test showed that the organism 
was not present. This cow was heavily dosed with iodine for the 18 days just 
previous to a normal parturition. 

Cow No. 10 between October 25 and November 12 received 16.47 g of iodine; 
agglutination tests previous to July 17 were all negative; the reaction was doubtful 
July 17, negative August 23, doubtful October 5, negative October 14, doubtful 
October 31, and negative November 14; cow aborted October 28; the calf lived 
a few hours only; the cow was sold for slaughter November 21. The reaction 


* The writers are indebted to Dr. J. F. Sbigley, associate professor of veterinary science, for veterinary 
service rendered; and to Dr. C. 1. Marshall, State veterinarian, and to his associates in the Bureau of 
Animal Industry, for the performance of the i^glutination tests on which this report is ba^. 
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of this cow was never positive. She aborted after having had iodine for three 
days, about four months after the first indication, by blood test, that she might 
have the disease. Three days after aborting the reaction was slightly suspicious, 
and two weeks later was negative. Because of the variable results "of the blood 
tests prior to iodine feeding, the last change back to negative is of doubtful 
significance. 

Cow No. 12 between October 30 and November 25 received 26.702 g of iodine; 
agglutination tests were negative throughout; the cow calved normally January 1 ; 
she tolerated 1 g of iodine a day and did not go off feed. 

Cow No, 11 between October 30 and November 25 received 26.702 g of iodine; 
agglutination tests were negative throughout; the cow calved nornially Noveml)er 
24; she tolerated 1 g of iodine a day for 26 days. 

Cow No. 15 between October 30 and November 25 received 26.702 g of iodine; 
agglutination test were negative throughout; the cow calved normally January 1 ; 
she tolerated 1 g of iodine daily for 26 days. 

Cow No. 16 between October 25 and December 12 received 49.662 gof iodine; 
agglutination tests were negative prior to October 14, and doubtful October 14 
and 31. The reaction was highly suspicious November 14, positive November 
19, and highly suspicious on December 13. The cow was sold for slaughter 
December 13, while carrying a calf, and was due to freshen February 10. 

Cow No. 17 between October 19 and November 9 received 41.143 g of iodine; 
agglutination tests were negative prior to August 23, when the test was positive; 
the cow aborted August 27; the reaction w’as positive October 14 and Novem- 
ber 14; the cow was sold for slaughter November 17. This cow tolerated about 
2 g of iodine daily for 21 days with no apparent bad effects except that less 
tlian the usual amount of hay was consumed. 

Cow No, 18 between October 19 and November 9 received 42.147 g of iodine; 
agglutination tests ])rior to August 23 w'ere all negative; the cow aborted August 
1; the reaction was positive August 23, October 14 and November 14; the cow 
was sold for slaughter November 17. Iodine feeding at the rate of 2 g a day 
for 21 days brought about no change in reaction to the agglutination test. The 
heavy dosage of iodine caused no apparent ill effects, except that the cow con- 
sumed less than the usual quantity of hay. 

Cow No. 19 between October 10 and November 25 received 26.702 g of iodine; 
agglutination tests were all negative; the cow freshened normally April 19. One 
g of iodine daily for 26 days during the fifth month of pregnancy was tolerated 
with no ill effects. 

Cow No. 21 between October 25 and November 12 received 17.88 g iodine; 
agglutination tests prior to October 14 were all negative; the reaction was slightly 
suspicious October 14, highly suspicious October 31, and jiositive November 14. 
The cow was due to calve November 24, but aborted October 31, when iodine 
feeding had been in progress 6 days, and was sold for slaughter November 17. 
The reaction changed from slightly suspicious to positive while the cow was 
receiving iodine at the rate of 1 g daily. 

Cow No. 23 between October 30 and November 25 received 26.702 g of iodine; 
agglutination tests were all negative prior to November 19 when the reaction 
was Jiighly suspicious. The cow aborted November 28, being due to calve ]<^eb- 
ruary 10, and was sold for slaughter November 29. This animal was apparently 
infected and was incubating the disease before the iodine feeding was started. 
After being on the iodine (1 g daily) for 19 days she reacted in a manner desig- 
nated higldy suspicious, and aborted 9 days later, 3 days after the close of a 
26-day iodine feeding period. 

Cow No. 25 between October 30 and November 25 received 26.702 g of iodine; 
agglutination tests were all negative. The cow when examined on November 
27 was found to be pregnant, and freshened normally on April 11. This cow 
(negative to abortion test) was fed 1 g of iodine daily for a 26-day period with 
no ill effects, in the fourth and fifth months of pregnancy. 

Cow No. 26 between October 30 and November 25 received 26.702 g of iodine; 
agglutination tests were all negative; the cow aborted December 10; the calf 
was 6 weeks premature. This cow was sold for slaughter December 13. A 
blood sample taken on date of slaughter was found negative. The cow aborted 
18 days after the close of a 26-day iodine feeding period. A positive blood reac- 
tion had not developed 3 days thereafter. 

Cow No. 28 between October 19 and November 9 received 33.957 g of iodine; 
agglutination tests prior to July 17 were all negative, but were positive July 17 
and August 23. The cow aborted September 12; the calf was born dead; the 
cow was due to calve in January. The reaction was positive October 14 and 
November 14; the cow was sold for slaughter November 17. She had aborted 
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about one month previous to a 21-day period of iodine feeding. Iodine feeding 
(1}4 g daily) produced no change in reaction. 

Cow No. 31 between October 19 and November 9 received 13.621 g of iodine; 
agglutination test August 23 was highly suspicious; and positive October 6, 
October 14 and November 14. The cow aborted October 4, the calf being dead, 
and was sold for slaughter November 15. This cow aborted two weeks previous 
to beriming of 21-day iodine feeding period and would tolerate only a small 
quantity of iodine. 

Cow No. 32 between October 25 and January 1 received 48.662 g of iodine; 
agglutination tests were all negative until October 5 when the test was desig- 
nated slightly suspicious; on October 14 it was highly suspicious, positive Octo- 
ber 31, highly suspicious November 14, and positive November 19 and Decem- 
ber 3. The cow aborted December 11, and had living calf weighing 45 pounds, 
one month premature, which lived until December 23. The reaction of the 
cow was positive December 17 and December 31. This cow was sold for slaughter 
January 7, 1930. The reaction changed from positive to highly suspicious about 
three weeks after iodine feeding was started, then changed to positive, and the 
cow aborted when the iodine feeding had been in progress 47 days. Iodine feed- 
ing was then continued 20 days longer with no change in the blood reaction. 

Cow No. 34 between October 30 and November 25 received 26.702 g of iodine; 
agglutination tests were negative until November 19, when the cow reacted in a 
manner designated sliglitly suspicious; the reaction was positive December 3 and 
13; cow aborted December 7, but the calf lived only 12 hours. The cow was 
due to calve December 27, and was sold for slaughter December 13. The blood 
test when iodine feeding was started was negative but changed to slightly 
suspicious when the cow had received iodine 20 days, and two weeks later the 
reaction was positive. Four days later the cow aborted, 12 days after the close 
of 26-day iodine feeding period. 

Cow No. 35 between October 19 and November 25 received 40.303 g of iodine; 
agglutination tests were negative prior to May 1, on which date test was positive; 
t&y were also positive July 17, August 23, October 14, and November 14 and 
19; the cow would not conceive and was sold for slaughter November 29. A 
36-day iodine feeding period, in which a total of 40 g of iodine was fed, produced 
no change in the positive blood reaction. 

Cow No. 37 between October 19 and November 9 received 42.639 g of iodine; 
agglutination tests were negative prior to July 17, on which date the reaction 
became positive. The cow was not pregnant. Tests were positive August 23, 
October 14. and November 14. The cow was sold for slaughter November 15. 
A daily dose of over 2^ of iodine for 20 days made no change in the blood reaction. 
The cow ate less than the normal quantity of hay. 

Cow No. 38 between December 4 and December 12 received 18 g of iodine; 
agglutination tests were negative prior to April 15, on which date the test was 
positive; it was positive May 1, August 23, October 23, November 14 and 19, and 
December 13. The cow was due to calve January 8, but was sold for slaughter 
December 13. With eight days of iodine feeding, at the rate of 2y^ g a day, 
during the eighth month of pregnancy, there was no change in l)lood test. 

Cow No. 39 between October 25 and November 25 received 31.662 g of iodine; 
agglutination tests were negative until October 5, on which date the test was 
slightly suspicious; it was negative October 14 and 31, and November 14, and 
slightly suspicious November 19. The cow was sold for slaughter November 29. 
This cow had an abscessed ovary and would not conceive. Her blood test was 
never more than slightly suspicious. Thirty-one days of iodine feeding (1 g 
dailv) produced no change in reaction. 

Cfow No. 40 between October 29 and December 13 received 70.817 g of iodine; 
agglutination tests were negative until August 23, on which date the test was 
positive; it was also positive October 14 and November 14, highly suspicious 
November 19, and positive December 3 and 13. The cow was due to calve 
January 18, but was sold December 13. A 46-day iodine feeding period, in 
which a total of over 70 g of iodine were fed, produced no change of blood reaction. 

Cow No. 41 between October 30 and November 25 received 26.702 g of iodine; 
agglutination tests were negative prior to November 14, on which date test was 
slightly suspicious, and again negative November 19. The cow was sold No- 
vember 29 because of failure to conceive. Reaction was negative at the time 
iodine feeding was started, but slightly suspicious after the cow had received 
iodine for two weeks. Two weeks later the reaction changed back to negative. 

Cow No. 44 between October 19 and January 1 received 82.766 g. of iodine; 
agglutination tests were negative until August 23, when the test was highly 
suspicious; tests were also highly suspicious October 6, 14, and 31, and November 
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14, positive November 19 and December 3, 17, and 31. The cow calved at full 
term December 19, and the calf was apparently healthy. The blood test on this 
cow was highly suspicious when iodine feeding was started, but changed to 
positive after the cow had been given iodine for one month, and continued 
positive until the cow was sold. Iodine was given, in doses of more than 1 g 
a (lay for 73 days including the last 60 days previous to a normal, full-time parturi- 
tion. 

DISCUSSION OF RESULTS 

Iodine was first administered at the rate of 5 g of the element a day, 
in the form of iodized linseed meal. This quantity threw the cows off 
feed on the second day, but it was found that most individuals would 
tolerate from 2 to 3 g of iodine a day, at least for a limited period. 
Certain cows tolerated 2 g of iodine daily, as long as it was fed to 
them, while others would not tolerate more than 1 g a day. Some of 
the cows resented the presence of the iodized linseed meal in their 
ration from the beginning, while others paid little attention to it 
and appeared to eat their grain with the* usual relish. After receiving 
a heavy dosage of iodine for several days, there was in all cases a 
decrease of appetite for hay. Possibly the iodine interfered with 
essential fermentations in the rumen. 

After several days of heavy iodine feeding the cows became sluggish ; 
the hair grew rough, and in certain individuals there was copious nasal 
discharge, and brownish discoloration of the skin about the eyes, 
nose, and tail. 

The cream produced by the cows that received iodine was rejected 
by the inspector at the college creamery, because of its objectionable 
odor; and analysis of the cream, and also of the mixed milk of cows 
Nos. 5, 16, and 38, revealed the presence of iodine in very large 
quantities. 

At the time this investigation was started it was the plan to con- 
tinue the iodine feeding for several months, but conditions which 
developed thereafter rendered it desirable to dispose of all animals 
infected with abortion disease without delay. Two cows. Nos. 5 
and 38, were fed iodine for only eight days. The average length of 
time during which the 23 others received iodine was 30K days. Of 
these cows 6 received iodine for more than 30 days and the remaining 
17 received iodine for an average of 23.6 days. The average total 
quantity of iodine fed these 17 cows was 31.7 g. Three cows. Nos. 
16, 32, and 44, were fed for an average of 63 days, the average total 
of iodine given being 63.7 g. 

THE EFFECTS OF IODINE ON THE GROWTH AND PHYSICAL CON- 
DITION OF DAIRY CALVES 

The object of this investigation was to learn whether iodine, espe- 
cially in the form of iodized linseed oil meal, is of value in the rearing 
of dairy calves. 

The calves which served as subjects were grade Holstein females 
which were purchased at ages of 1 to 5 days in groups of 4 to 12 — as 
they were available — from dairy farmers in Bradford County. Great 
care was taken to select vigorous animals of uniform size, and they 
were reared in accordance with the usual practice on good dairy 
farms. 

In the conduct of the experiment the identity of the groups of the 
calves as purchased was maintained, for convenience, each group being 
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divided into pairs, as evenly balanced as possible, one animal of each 
pair receiving iodine and the other serving as a control. 

The calves received whole milk until they were 2 to 3 weeks of age. 
The ration was then gradually changed to skim milk, grain, and hay. 
The two calves of each pair were fed exactly the same quantities of 
feeds (with the exception of hay) throughout the experiment, the 
quantities allowed to each pair being determined by the calf with the 
smaller appetite. 

The first four or five weeks^ feeding constituted a preliminary 
period. During this time the calves were established on the experi- 
mental ration, and the feeding was carried out in the same systematic 
manner as during the later experimental feeding. 

The grain mixture was made up of 75 pounds of oats, 75 pounds of 
wheat bran, 40 pounds of yellow hominy feed, 40 pounds of yellow 
corn meal, 50 pounds of linseed meal, and 1 ji pounds of salt. 

Four kinds of hay were fed, at different times during the experiment, 
viz, early cut timothy, high-grade New Jersey alfalfa, mixed hay of 
good quality, and high-grade red clover. The respective proportions 
of the total hay fed were 4, 15, 22, and 59 per cent. The timothy 
was fed during the preliminary period because of its usefulness in the 
prevention of digestive disturbances in young calves. 

Each calf was given as much hay as it would eat. With each pair of 
calves, without exception, the one receiving iodine ate less hay than 
did the control. 

The calves were weighed once each week, and a measurement of the 
height at the withers was taken once a month. The average daily 
intake of feeds and the total cod-liver oil and iodine fed are shown in 
Table 2. 


Table 2. — Average daily feeds and total cod-liver oil and iodine eaten by calves 


Group No., number of days on experiment, and sub- 
group 


Group 1, 139 days: 

3 calves receiving iodine 

3 calves receiving no iodine. . 
Group 2, 131 da^s: 

6 calves receiving iodine 

6 calves receiving no iodine. . . 
Group 3, 117 days: 

4 calves receiving iodine 

4 calves receiving no iodine. . . 

Group 4, 110 days: 

3 calves receiving iodine. 

3 calves receiving no iodine. . 
Group 6, 103 days; 

2 calves receiving iodine 

2 calves receiving no iodine. . . 
Group 6, 75 days: 

3 calves receiving iodine 

3 calves receiving no iodine. . . 







A verage 
daily 
skim 
milk 

Average 

daily 

grain 

Average 

daily 

hay 

1 

Total 
cod-liver 
oil i)er 
calf 

Total 
iodine 
per calf 

Pound* 

Pounds 

Pounds 

Cr 

Grams 

16.73 

2.04 

1. 56 

283.3 

2.670 

16. 73 

2.04 

1.83 

283.3 

None. 

16.49 

2.13 

1.79 

266.0 

2.409 

16. 49 

2.13 

1.85 

266. 0 

None. 

16.20 

2.34 

1.89 

258.0 

2.769 

16.20 

2.34 

2. 16 

266.0 

None. 

15.07 

1.99 

1.14 

190.0 

1.788 

16.07 

1.99 

1. 44 

100.0 

None. 

15.46 

1.68 

1.68 

190.0 

1.615 

16.46 

1.68 

1. 61 

190,0 

None. 

14.48 

2.19 

1. 35 

260.0 

. 727 

14.48 

2. 19 

1. 31 

260.0 

None. 


The analysis of the ration indicated a normal iodine intake con- 
siderably greater than the 1 mg weekly which Marine * reported as 
adequate for thyroid maintenance in dogs. This estimate of the 
io^ne content of the ration disregards the analysis of one grain 
mixture, a sample of which showed one hundred times the amount 
of iodine present in other foods of similar type. Unfortunately the 

* Mabine, n., and Kimball, 0. P. Op. cit. 
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analysis was made after the feeding with the questioned material 
had been completed, and it was impossible to determine whether the 
extremely high iodine content was continuously present or whether 
the sample was unaccountably contaminated at the time of taking. 

The quantity of iodine fed was adjusted once a week, the standard 
allowance being 30 mg per hundred pounds live weight. The iodine 
was fed once a day in the skim milk. After they had received iodine 
for about four weeks, the calves displayed marked evidence of having 
had too much of it. Their coats became very rough, and they did 
not eat with the usual appetite. The feces were thin and of an 
abnormal reddish-brown color. There was considerable variation in 
the tolerance of the individuals for iodine, and the appetites of some 
were so much affected that they ate only a small proportion of the 
normal quantity of hay. The administration of iodine, therefore, 
was discontinued for intervals of from 17 to 44 days, in the several 
groups, after which it was resumed at a lower level of intake, namely, 
10 rag per hundred pounds live weight a day. 

Table 3 gives the intervals of time during which iodine was admin- 
istered or was withheld. 


Table 3 . — Schedule of iodine feeding 





Final in- 

j 



Final In- 


Interval 


terval 

1 

Interval 


terval 


during 

which 

iodine 

I ntervol 
during 
which 
iodine 
wEvH not 
fed 

during 

which 

iodine 


during 

which 

iodine 

Interval 

during 

W'hich 

Iodine 

during 

which 

iodine 

(Jroup 

was fed 

was fed 

j Group 

was fed 

was fed 


from be- 

at diraln- 


from bo- 

at dirnin- 


ginning 

ished rate 


ginning 

fed 

i.shod rate 


of exi)eri- 

to end of 


of experi- 

to end of 


ment 


experi- ! 

I 

ment 

i 

experi- 




menl j 

i! 



ment 

No. l. 

Days 

Days 

Days j 

ii 

Days 1 

J)ays 

Days 

43 

44 


iNo. 4, 

34 ! 

34 

22 

No. 2 ., 

43 ' 

44 

43 1 

I No. 5 - 

II No. 6 

2S 

33 

30 

No. 3 

4S , 

I. 

17 

06 

f) 1 

43 

27 


The iodine was omitted from the feed of four calves before the end 
of the investigation, as indicated by the next to the last column in 
Table 4. 

The very poor physical condition of some of the calves that had 
received iodine suggested the desirability of special measures for 
restoring them to health. Cod-liver oil was therefore used, both 
calves of each pair receiving the same quantity — usually 10 c c a day. 
The cod-liver oil was continued, with each pair of calves, as long as 
it seemed to be needed by the calf that had received iodine. The 
average length of time during which the calves wore given cod-liver 
oil was 31 days, although 2 received it for 72 days, 4 received it for 
58 days, and 6 received it for 41 days. 

During the final period of administering iodine the drug was given 
to 11 of the calves in the form of potassium iodide, instead of 
iodized linseed meal, in order to reveal possible differences in the 
re^onse of the animals to iodine in the two combinations. 

On the lower plane of iodine intake there was no definite evidence 
of iodine excess, and during the brief period of comparison of iodized 
linseed meal and potassium iodide no differences could be detected 
of their effect on the calves. 
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Table 4. — Gains of calves in toeighl, and in height at withers 


Group and number of days 
on experiment 

Group 1, J39 days 

Controls, which received 
no iodine 

Calves which received iodine 

Calf 

No. 

77 

78 

79 

Initial 

weight 

Gain 

in 

weight 

Gain 

in 

height 

at 

withers 

Calf 

No. 

76 

80 

81 

Initia 

weight 

Gain 

in 

weight 

Gain 

in 

height 

at 

withers 

Period 

fed 

iodine 

Total 

iodine 

fed 

Lb9. 

94 

100 

105 

Lbn. 

197 

219 

218 

Centi- 

meters 

21.5 
23.0 

22.5 

Lbs. 

92 

96 

108 

Lbs. 

205 

190 

199 

Centi- 

meters 

24.0 

24.5 

24.0 

Days 

93 

93 

93 

Orams 
2.458 
2. 665 
2.687 

Average 


99.6 

211.3 

22.3 

— 

98.6 

198.0 

24.1 




Group 2, J31 days 

83 

115 

216 

24. .5 

89 

J20 

lbs 

23.5 

86 

2. 774 


86 

100 

193 

17.0 

95 

93 

156 

21.0 

83 

1.982 


87 

115 

191 

25.0 

84 

113 

211 

28.0 

86 

2. 676 


86 

90 

189 

24.0 

91 

89 

217 

24.0 

86 

2.323 


94 

106 

215 

25.0 

93 

no 

216 

23.0 

86 

2. 665 


88 

88 

177 

20.0 

82 

87 

164 

21,0 

86 

2.037 

Average. 


102.3 

196.8 

22.5 


102.0 

195.3 

23.4 



Group 3, 117 days 

101 

loi 

183 

17.0 

100 

1()4 

176 

19.0 

99" 

3. 052 


77 

100 

193 

18.0 

99 

93 

191 

18.0 

99 

2.416 


96 

113 

178 

18.6 

102 

105 

165 

19.0 

99 

2. 661 


98 

116 

203 

20.6 

103 

118 

21Q 

22.0 

99 

3.016 

Average 


107. 5 

189.2 

18.5 


105.0 

187.7 

19. 6 1 



Group 4, 110 days 

112 

98 

152 

20.0 

106 

~90 

140 

iTo” 1 


1.090 


108 

no 

132 

18.0 

ni 

102 

HI 

19.0 

76 

2. Ill 


no 

128 

147 

18.0 

107 

no 

151 

17.5 

76 

2.164 

Average 


110.3 

143.6 

18.6 


100. 6 

144.0 

18.1 



Group 6, 108 days 

“licT 

100 

128 

11.0 

118 

1)8 

131 

14. 0 


1. 531 


117 

no 

161 

18.0 

114 

112 

160 

17.0 

60 

1.700 

Average 


105.0 

144.5 

14.5 


105. 0 

145. 6 

15.5 

.. 



Group 6, 76 days 

122 

In 

126 

15.0 

121 

119 

130 

15.0 

32 



127 

100 

117 

14.0 

125 

109 

116 

15.0 

32 

.671 


126 

105 

107 

12.0 

123 

10.5 

111 

18.0 

32 

.752 

Average 

; 

105. 3 

116.6 

13.6 


in.o 

119 

16. 0 



— 














The gains in weight of the calves, as recorded in Table 4, do not 
indicate a significant difference in growth between those that re- 
ceived iodine and those t^t did not. Among the 21 pairs of calves, 
in 10 cases the calf receiving iodine made the greatest gain. The 
total increase in weight of the 21 calves receiving iodine was 46 
pounds less than the total gain of the 21 calves that received no 
iodine. The mathematical interpretation of the differences in gains 
in weight, by Student’s method, revealed odds of 2.8 to 1 indicating 
that the calves which did not receive iodine had made the greater 
average gain in weight. These odds are not statistically significant. 

A similar interpretation of the gains in height at withers gives 
results favorable to iodine in five of the six groups, "rhe separate 
consideration of the 13 pairs of Groups 1, 2, and 3, which received 
larger total quantities of iodine than did the remaining groups, gave 
odds of 65 to 1 in favor of the indication that the calves receiving 
iodine made the CTeater gains in height; while the consideration of the 
entare 21 pairs of calves gave odds of 77 to 1 in favor of the same pos-^’ 
sibihty. These odds are statistically significant. 
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The cause of the apparent stimulation of skeletal growth, as a 
result of the administration of io^ne, was not revealed. This re- 
sponse of the calves receiving iodine is especially puzzling because 
they ate appreciably less hay than did those that received no iodine — 
the hay containing a very considerable part of the calcium of the 
ration. 

While there is ground for question as to the iodine intake of these 
calves, on account of the excessively high apparent iodine content of 
the grain mixture fed, it appears that the tolerance of calves for 
iodine is less than that of sheep, swine, and chickens. 

It also seems that the iodine of iodized linseed meal, which was fed 
during the greater part of the experiment, produced a more marked 
reaction on the calves than does the iodine of iodides. 

At the time of this writing, the calves now being about 1 year of 
age, the difference in height of the calves which received iodine, as 
compared with those that received none, is no longer apparent, and 
that is no apparent difference in health of the calves as a result of 
iodine feeding. 

THE VALUE OF SUPPLEMENTAL IODINE IN THE GROWTH OF 

SWINE 

Forty purebred pigs of the Berkshire, Chester White, Duroc- 
Jersey, and Poland China breeds were divided into 10 lots of four 
each, as nearly as possible of the same size, sex, age, and breed 
representation. 

Five lots were given iodine in addition to the basal ration (Table 5), 
while the other five were used as controls or checks. 


Table 5. — Live weights^ gaim in weighty and feed consumption of 10 lots of 4 
each, alternate lots receiving supplemental iodine with the ration for 126 days 


I<ot and treatraout 


No. 1, Iodine. 
No. 6, check.. 
No. 2, iodlne. 
No. 7, check. . 
No. 3, iodine. 
No. 8, check.. 
No. 4, iodine. 
No. 9, check.. 
No, 6, iodine. 
No. 10, check. 


Average 

Average 

Average 
dally gain 

Feed per 

initial 

weight 

final 

weight 

100-pound 

gain 

Pounds 

Pounds 

Pounds 

Pounds 

50. 6 

223.0 

® 1.4 

495.7 

48.7 

221. 0 

1.37 

426.7 

54.7 

234.7 

1.43 

417.9 

55. 2 1 

221. 7 1 

1.32 

447. 7 

i 42.2 

194. 7 1 

1. 21 

412.0 

i 40.5 

165. 7 1 

.99 

498.0 

41.2 

1H8.0 ! 

1. 16 

335.5 

1 41.0 

179. 0 1 

1.09 

347.3 

j 51.5 

188. 7 i 

1.08 

345.5 

! .52.8 

209.0 

1.23 

320.0 


® Adjusted on account of the removal of 1 pig in the course of the experiment. 


The composition of the rations is shown in Table 6. The rations 
were hand fed, the feeds being dry, to the limit of the pigs' appetites. 
The iodine was fed in the form of iodized linseed meal thoroughly 
mixed into the ration, once each day, at a rate of 50 mg of the element 
per hundred pounds live weight. 
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Tablb 6 . — Composition of basal ration of pigs 


Constituent 

Proportions in 
which feed was 
mixed 

j 

Constituent 

Proportions in 
whidi feed was 
mixed 

First 112 
dny.s 

Last 14 
days 

First 112 
days 

Last 14 
days 

Ground yellow corn 

160 

180 

Tankage 

20 

20 

Ground oats 

40 

40 

Linseed meal — 

10 

10 

Wheat middlings 

40 

40 

Salt 

1 

1 





The age of the pigs at the beginning of the trial ranged from 10 to 
12 weeks, and their average initial weight, in the several lots (Table 
5), ranged from 40.5 to 55.2 pounds. 

The test was continued until the average live weight per lot, in 
each group of five lots, reached approximately 200 pounds, wliich 
retired 126 days with each poup. 

The initial and final weights, recorded in Table 5, are each the 
average of three weights taken on consecutive days. In addition, 
intermediate, individual weights were taken at 2-week intervals. 

This experiment was conducted between December 3, 1929, and 
April 8, 1930. The pigs were confined in dirt lots in which there was 
no vegetation and were sheltered by small movable houses. It was 
possible, therefore, for the pigs to supplement the inorganic nutrients 
of the rations to a limited extent by eating earth. 

No effects of the iodine feeding were observable in the performance 
of the pigs. 

The essential data of the experiment are given in Table 5. 

THE VALUE OF SUPPLEMENTAL IODINE IN THE FATTENING OF 

LAMBS 

Two feeding experime^its, one with 30 lambs fed individually by 
the paired feeding method, and a second with 171 lambs fed in six 
approximately equal groups, were conducted to lepn whether iodine, 
in the form of iodized linseed meal, is of value in the fattening of 
lambs. 

LAMBS FED BY THE PAIRED-FEEDING METHOD 

The lambs were raised in northern Pennsylvania and were divided 
into 15 pail’s, of the same sex, and as nearly as possible of the same 
weight and of the same condition as to fatness. 

Each lamb was fed in the same individual crate throughout the 
entire experiment, which was started December 31, 1929, and ended 
March 18, 1930, a period of 77 days. Both members of each pair 
were given the same (quantity of feed; and if one of a pair refused a 
part of its feed, the ration of its mate was diminished in like proportion. 

The ration was one which is commonljr used for fattening lambs, 
and consisted of alfalfa hay and a grain mixture, the latter composed 
of 9 parts of coarsely ground com, 1 part of linseed meal^ and 0.5 per 
cent of salt. The analysis of tMs basic ration showed iodine to be 
present m amounts usually considered adequate for the maintenance 
of thyroid function. In addition one member of each pair was given 
33 mg of iodine per hunched pounds of live weight, in the form of 
iodmed linseed meal, the iodine being fed once each day thoroughly 
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mixed with the grain ration. An earlier effort to feed the same total 
quantity of iodme in two doses a week was unsuccessful, since it 
sickened the lambs. The daily feeding, however, produced no 
unfavorable effects. 

The initial and final weights are averages of three weighings each, 
taken on as many consecutive days, and in addition the lambs were 
weighed each week. The initial weights of the lambs ranged from 
56 to 72 pounds, and the final weights from 72 to 105 pounds. 

The lambs wore fed in a closed shed on a ground floor bedded with 
straw, some of which was eaten. During winter days, when the 
ground was covered with snow, the lambs were permitted to run 
outside for a few hours each day. The lambs were not treated for 
parasites. Several were slaughtered, and all of these, especially 
Jamb No. 2, were found to be infested with the nodule parasite. 

The numerical data of the experiment are presented in Table 7. 

Table 7 . — Live weights, gains in weight, and feed consumption of 15 pairs of lambs, 
one individual of each pair receiving supplemental iodine with the ration for 77 
days 


Pair and treatment 


No. 1; 

Iodine... 
Check., , 
No. 2: 

iodine 

Check 

No. 3: 

iodine - 

Check .. . 
No. 4: 

Iodine 

C’-heck... 
No. 6: 

Iodine 

Check - 

No.fi: 

Iodine 

Check .. . 
No. 7: 

Iodine 

Check 

No. 8: 

Iodine 

Check 

No. 9: 

Iodine 

Chock 

No. 10: 

Iodine . 

’Chock 

No. 11: 

Iodine 

Check 

No. 12: 

Iodine. - 

Check.. 

No. 13: 

Iodine... .. 

Check 

No. 14: 

Iodine 

Check 

No. 16: 

Iodine 

Check 


Initial 

weight 

Final 

weight 

Average 
daily 
gain in 
weight 

Average 

daily 

ration 

Feed con- 
sumed, 
per pound 
of gain in 
weight 

Pounds 

Pounds 

_ 

Pounds 

Pounds 

Pounds 

03 

96 

0. 43 

2. 74 

6. 40 

fi5 

99 

.44 

2. 76 

6.26 

63 

72 

.12 

2.16 

18. 51 

fi9 

90 

.27 

2. 16 

7. 92 

72 

104 

.41 

2.66 

6.41 

72 

105 

.43 

2. 67 

6.22 

60 

73 

.16 

1.75 

10. 37 

60 

69 

.12 

1.78 

15. 23 

60 

89 

.38 

2.51 

6.68 

66 

85 

.38 

2. 53 

6.72 

66 

96 

.39 

2.54 

6.63 

64 

90 

.34 

2.54 

7. 55 

61 

83 i 

.28 

) 2.49 

8. 73 

66 

90 

.31 

2.49 

8.00 

62 

82 

.26 

; 2. 46 

9.49 

59 

83 

.31 

j 2.48 

7.97 

69 

89 

.26 i 

! 2.46 

9,47 

68 

90 

.28 1 

! 2.47 

8.66 

64 

87 

.30 1 

2.10 

7.06 

61 

74 

.16! 

2.10 

12. 42 

68 

90 

.28 

2.28 

7.97 

61 

81 1 

.26 

2.28 

8.77 

69 

86 1 

“ ' .34 

2,33 

6. 91 

67 

92 ! 

j 

1 .32 

2.33 

7. K 

67 

80 I 

.80 

2.45 

8.23 

66 

78 j 

.28 

2.46 

8.59 

69 

1 

77 j 

.23 

2.23 

9.65 

66 

77 1 

.27 

2.25 

8.28 

69 

99 ! 

.39 

2.77 

7.13 

63 

96 j 

.43 

2.77 

6.48 
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LAMBS FED IN GROUPS « 

The group-feeding experiment was conducted between November 2, 
1929, and February 14, 1930. The lambs used in this experiment 
included native fine wools grown in southwestern Pennsylvania, 
native muttons from northern Pennsylvania, and western lambs grown 
in the State of Washington. The lambs from each source were divided 
into 2 groups of 28 or 29 each, and 1 group from each of the 3 sources 
was fed, in addition to the regular ration, 33 mg of iodine per 100 
pounds live weight daily for 104 days. The iodine was fed twice 
daily in the form of iodized linseed meal thoroughly mixed with the 
grain ration. 

The average initial weights of the lambs in the lots ranged from 
52.3 to 55.9 pounds. The average final weights ranged from 71.6 to 
91,4. (Table 8.) The ration consisted of mixed hay, hand fed twice 
daily, and a grain mixture of 9 parts corn and 1 part linseed meal 
likewise fed twice each day. 

Table 8. — Live weights, gains in weight, and feed consumption of six groups of 
lambs, three of which received supplemental iodine with their ration for IO4 days 


Type of lambs, group, 
and treatment 


Native fine wool; 
No. 1, iodine.. 
No. 2, check. - 
Native mutton: 
No. 3, iodine.. 
No. 4, check.. 
Western: 

No. 6, iodine.. 
No. 6, check . .. 







Feed intake per 100 pounds of 



Initial 

Final 

Daily 


gain 


Lambs 

Lambs 

weight 

weight 

gain 





at start 

at end" 

(aver- 

(aver- 

(aver- 







age) 

age) 

age) 

Shelled 

corn 

Oil 

cake 

Hay 

'i'otal 

Number 

Number 

Pounds 

Pounds 

1 

1 

Pounds 

Pounds 

1 

1 

Pounds 

29 

27 

66.9 

73.0 

0. 16 

630.4 

59.7 

738. 3 

1, 328. 4 

28 

27 

65.8 

75.9 

.19 

461.9 

60.7 

631.3 

1, 143. 9 

29 

27 

62.3 

71.6 

.18 

500.8 

52.3 

648.7 

1, 201. 8 

28 

27 

63.1 

74.4 

.21 

4.60.2 

49.9 

666. 3 

1,066.4 

29 

27 

64.1 

86.6 

6.26 

403. 5 

44.8 

491.9 

940.2 

28 

27 

66.6 

61.4 

«.28 

386. 0 

41.6 

467.8 

894.3 


» 1 or 2 lambs in each group were slaughtered in the course of the exf>erimout for carcass studies. 
» Adjusted on account of the removal of 2 lambs in the course of the experiment. 

« Adjusted on account of the removal of 1 lamb in the course of the experiment. 


The lambs receiving iodine cleaned up their feed less promptly 
than did those receiving no iodine. 


THE VALUE OF SUPPLEMENTAL IODINE FOR CHICKENS 

In the experiment to determine the effects of the administration of 
supplemental iodine to chickens during growth and early egg produc- 
tion, four groups of single-comb white leghorn female chicks, contain- 
ing 160, 170, 184, and 187 individuals, respectively, were fed the exper- 
imental rations from the time of hatching to the age of 32 weeks. 

Groups 1 and 2 received the same vaned mash ration, the animal- 
protein components of which were fish meal, meat scrap, and dried 
milk. Group 2 received in addition iodized linseed meal m a quantity 
sufficient to provide 50 mgs of iodine per 100 poimds of chicken a day. 

The mash ration for Groups 1 and 2 consisted of 40 pounds of yellow 
com meal, 15 pounds of wheat bran, 15 pounds of flour wheat mid- 
dlii^, 10 pounds of alfalfa-leaf meal, 10 pounds of dried imlk, 5 


4 Tbia report is based on an experiment conducted under the direction of Associate Prof. W, L. Henning, 
primarily as a comparison of types of lambs as feeders. 
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pounds of fish meal, 5 pounds of meat scrap, 2 pounds of steamed 
bone meal, 1 pound of salt, and 1 pound of cod-liver oil. 

Groups 3 and 4 received a mash ration similar to that fed to Groups 
1 and 2, except that the fish meal was replaced by meat scrap. Group 
4 receiving this mash ration by itself, and Group 3 the same plus 
iodine, given at the same rate as to Group 2. 

For the first 8-week period the iodized linseed meal was fed in 
accordance with predetermined standard live weights; ^ and thereafter 
in accordance with the experimental weighings which were taken 
individually every four weeks. 

In addition to the mash rations all groups received a half-and-half 
cracked corn and wheat scratch mixture beginning with the fifth 
week and continuing to the end of the experiment. 

The four groups of chicks used in the experiment were hatched at 
weekly intervals as follows: Group 1, March 20; Group 2, March 27; 
Group 3, April 3; Group 4, April 10, 1930. All males were removed 
at eight weeks of age, the data reported here being for females only. 
The chicks were placed in brooding quarters when 24 hours old and 
were fed the proper mash ration. The same mash mixture was fed, 
ad libitum, in hoppers, during the entire course of the experiment; 
and the scratch grain mixture, given after the fourth week, was also 
fed in hoppers. 

Dunng the first 16 weeks, the birds were housed in a long type of 
brooder house, each pen of which is 12 by 20 feet. Each group had 
aci^ess to a sun porch 8 by 10 feet in size. At the end of the 16-weck 
period they were moved into laying quarters and remained there until 
the conclusion of the experiment. At no time in the course ol the 
experiment were the birds allowed out on range. 

Cannibalism was not manifest in an unusual degree in any of the 
groups during the experiment, the infrequent occurrence of this habit 
being approximately evenly distributed among the four groups. 

No difTerence was noticeable in the behavior or the condition of the 
four groups of birds at any time during the experiment. 

The average growth, the number of biixls culled at the age of 16 
weeks, the mortality, and the average number of eggs laid, for each 
group are given in Table 9. 

Table 9. — The effect of iodine on the growth, mortality, and early egg production of 

chickens 


03 roup and tri*ntraout 


No. 1, no iodine. 


Age 

i 

Birds in 
groups 

Average 

body 

weight 

Mor! 

Per pe- 
riod 

-ality 

Total 

Average 
number 
of eggs 
laid to 
age of 32 
weeks 

Weeks 

Number 

Grams 

Per cent 

Per cent 


0 

160 

38 





4 

160 

232 

0 

6 



8 

160 

508 

0 

0 



12 

169 

817 

0.6 

ao 



1.0 

166 

1,039 

2.5 

3.1 


31 

20 

“131 

1,274 

0 1 

3.1 



24 

122 1 

1, 462 

6.6 

8.7 



28 

114 

1,631 

6.0 

13.7 



32 

109 j 

1,689 

3.1 1 

16.8 




« 24 culled at age of 16 weeks. 

^ Charles, T. B., and Knandel, H. C. Rearing chicks in confinement. Penn. Agr. Expt. St a. 
Bui. 218, p. 11 , Table lU. 1928. 
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Table 9. — The effect of iodine on the growth, mortality, and early egg production of 

chickens — Continued 


Group and treatment 

Age 

Birds in 
group 


Mortality 

Average 

number 

Average 

body 

weight 

Per pe* 
rlod 

1 

Total j 

of eggs 
laid to 
age of 32 
weeks 


Week8 

Number 

Orams 

Per cent 

Percent ' 


No. 2, iodine.. 

0 

170 

40 





4 

170 

235 

0 

0 



8 

169 

623 

0.6 

0.6 



12 

167 

796 

1.2 

1.8 



16 

M42 

1,124 

1.2 

3.0 

35 


20 

138 

1,368 

2.4 

6.4 


, 

24 

130 

1,516 

4.7 

10.1 



28 

126 

1,656 

2.9 

13.0 



32 

121 

1,674 

2.4 

16.4 


No. 3, iodine.. 

0 

184 

39 





4 

182 

211 

1.1 

1. i 



8 

181 

450 

.6 

1.6 



12 

174 

711 

3.8 

6.4 



16 

•146 

983 

1.6 

7.0 

24 


20 

138 

1,221 

4.3 

11.3 



24 

136 

1,468 

1.6 

12.9 



28 

134 

1,586 

.6 

13.4 



32 

130 

1,764 

2.2 

16.6 


No. 4, no iodine 

0 

187 

38 





4 

187 

209 

0 

0 



8 

182 

451 

2.7 

2.7 



12 

179 

718 

1.6 

4.3 



16 

'*168 

970 

1.6 

6.9 

24 


20 

148 

1,220 

6.3 

11.2 



24 

133 

1,461 

8.0 

10.2 



28 

132 

1,631 

.6 

19.7 



32 

123 

1,729 

4.8 

24.6 



* 23 culled at age of 16 weeks; also 2 died. 18 culled at age of 16 weeks; also 3 died. 

• 26 culled at age of 16 weeks; also 3 died. 


Attention is called to the fact that Group 2, which received iodine, 
excelled Group 1 in body weight, after the twelfth week; but doubt 
is thrown upon the significance of this observation by the fact that 
Group 3, which received iodine, was excelled by Group 4 in body 
weight. 

SUMMARY 

Twenty-five grade Holstein milking cows which were infected with, 
or had been exposed to, contagious abortion were subjected to liberal 
dosage with iodine in the form of iodized linseed meal. The length 
of time of feeding the different individuals varied from 8 to 73 days, 
the average being 28.7 days. The average total amount of elemental 
iodine fed was 34.32 g per cow. The average daily dose per cow was 
1.2 g. Individual cows varied in their ability to tolerate iodine from 
0.65gto2.13ga day. The maximum total amount fed any individual 
was 82.8 g in a period of 73 days. 

Agglutination blood tests for abortion disease were made at 2-week 
intervals during the iodine feeding, monthly tests having been conduc- 
ted previous to that time. 

The administration of iodine did not affect the condition of disease, 
as indicated by results of the agglutination blood test. The disease 
developed in me normal manner, in five cows, the tests progressing 
from suspicious to positive during the time iodine feeding was in prog- 
ress. There were no clear-cut cases of change in reaction in the reverse 
direction. In the ease of five cows of the six that aborted during the 
iodine treatment, the development of the disease was clearly indicated 
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by the blood test. Six animals furnished rather conclusive evidence 
that intensive iodine feeding during the last six months of pregnance 
was not harmful. No cows were fed iodine during the first three 
months of pregnancy. 

The milk and cream produced durine heavy iodine feeding had an 
objectionable odor and contained very large quantities of iodine. 

Forty-two calves were fed, by the paired system of feeding, in an 
effort to learn whether iodine, especially in the form of iodized linseed 
meal, is of value in the rearing of daily calves. 

The duration of the experimental feeding of the different pairs of 
calves ranged from 75 to 139 days. Twenty-six of the calves were 
fed for 117 days or longer. 

The ration was made up of skim milk, grain, and hay, as in good 
average practice. Cod-liver oil was included in the ration of all 
calves during a part of the time. 

Iodine was fed to one calf in each pair in quantities ranging from 10 
mg to 23.5 mg a day. Thirteen individuals received 18.5 mg or more 
a day, as an average for the experiment. 

Thirty milligrams of iodine per hundred pounds of live weight, in 
the form of iodized linseed meal, proved to be a heavier dosage than 
the calves could tolerate, as revealed by loss of appetite (particularly 
for hay), roughness of the hair, digestive disturbances, and an emaici- 
ated condition, after receiving iodine at this rate for from three to 
five weeks. 

With few exceptions, the calves could tolerate 10 mg of iodine, in 
the form of iodized linseed meal, per hundred pounds live weight, 
with no harmful effect. 

The calves that received iodine ate less hay and made appreciably 
less gain in weight, but greater gain in height, on an average, than did 
those receiving no iodine. 

The addition of cod-liver oil to the ration of the calves, when they 
were in an emaciated condition as a result of excessive iodine intake, 
proved very helpful in bringing the calves back to a normal condition. 

Among 10 experimental lots of growing swine, fed as matched pairs 
of lots, three lots receiving iodine made greater gains in weight than 
did their check lots, while two check lots made greater gains than did 
the paired lots receiving iodine. The differences in three cases were 
too small to be of possible significance. 

The five groups that received iodine required an average of 401.3 
pounds of feed to produce 100 pounds of gam in weight, while the five 
groups used as checks reqtiired 407.9 pounds of feed to produce 100 
pounds of gain. 

It is therefore evident that no certain beneficial results, either as to 
amount or cost of gain in weight, were derived from feeding iodine, in 
the form of iodized linseed meal, to growing swine. 

Fifteen carefully selected pairs of native Pennsylvania lambs were 
fed for 77 days in a study of the value of supplemental iodine in the 
fattening of lambs. 

One lamb of each pair received in addition to its ration 33 mg of 
iodine a day in the form of iodized linseed meal, while the other lamb 
constituted a control or check. 

Among the 15 pairs of lambs, in 7 pairs the lamb receiving iodine 
gained in weight the more rapidly, while in the remaining 8 pairs the 
check lamb gained the more rapidly. 
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Of 165 comparisons between weekly gains in live weight of the pairs, 
63 favored the Iamb which received iodine; 69 favored the check 
lamb, and 33 comparisons were of neutral significance. 

The average difference between the average daily gains of pair 
mates was 0.01 pound in favor of the check lamb. 

These results show clearly that iodine as fed in this experiment 
produced no appreciable effect in the fattening of lambs. 

The average daily gains in live weight of the lambs in the groups 
which received iodine were slightly less than those in the check or 
control groups, the difference ranging from 0.02 to 0.03 pound. 

The feed required for 100 pounds of gain in live weight was greater 
for the lots that received iodine. The iodine fed groups of the native 
fine-wool lambs, the native mutton lambs, and the western lambs 
required 184.5, 136.4, and 46.9 pounds more feed, respectively, for 
each 100 pounds of gain than was required by the check lots. 

There was, therefore, a slight deterimental effect from the feeding 
of iodine to these lambs, and this effect was greater with lambs 
from the State of Pennsylvania than with those from the State of 
Washington. 

Four groups of single comb white leghorn female chicks, containing 
from 160 to 187 individuals each, were fed from hatching time to the 
age of 32 weeks to determine the value of supplemental iodine in 
relation to growth and early egg production. 

Two of tne groups received a normal mixed ration containing fish 
meal, while the others received a similar ration but with meat scrap 
replacing the fish meal. 

The iodine was administered in the form of iodized linseed meal 
at a rate supplying 0.05 of iodine per 100 pounds of chicken a day. 

No certain effect of the iodine on the growth, mortality, or egg 
laying of the birds was observed. 
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THE ROLE OF NITROGEN IN THE PRODUCTION OF 
SPOTS IN WHEAT FIELDS* 

By P. L. Gainey, Soil Bacteriologist^ and M. C. Sewell, formerly Associate in 
Soilsj Ka^tsas Agricultural Experiment Station 

INTRODUCTION 

Diiriiu^ the past 20 years the Kansas Agricultural Experiment 
Station has devoted a great deal of attention to problems relating to 
soil nitrogen and has endeavored to follow any clue which it was 
felt might throw light on the relation of nitrogen to wheat pioduction, 
particularly in regions of relatively little rainfall. 

Tn the small-grain fields of Kansas there are frequently observed 
well-defined spots on whicli the grain is darker green and more 
vigorously growing than that on the surrounding areas. So abundant 
are these spots in the eastern half of Kansas that some fields present 
a polka-dot appearance, as shown in Figure 1. These spots .are 
ordinarily 2 to 3 feet in diameter and circular or oblong in shape. 
In a typically spotted field when the grain is in the booting stage 
such spots are easily visible a half mile away. They are more fre- 
(|uently observed in fields that have been grazed, and are commonly 
attributed to deposits of feces or urine. They seem to occur upon 
heavy, potentially fertile soil as frequently as upon light, nonfertile 
soil, particnlarly if the season has been wet and cold. The general 
appearance of tiie spots, together with their supposed origin, indicated 
that they might in some way be connected with the nitrogen metabo- 
lism of the plant. The studies of Lipman,^ who first called attention 
to these spots, confirmed this belief. 

Some preliminary studies were conducted by the writers as early 
as 1916, and in the spring of 1929, 1930, and 1931 the studies were 
extended as far as it was felt the problem and facilities would justify. 
The object of these studies was to determine (1) the role, if any, that 
available nitrogen plays in the production of the spots; (2) in case 
available nitrogen were found to be a factor, to ascertain why more 
nitrogen became available in the soil of the spot than in the soil 
immediately adjacent to it; and (3) to measure the relative yield and 
quality of grain produced on the spot as compared with that on the 
.field at large. A preliminary report of the 1929 investigations has 
already been presented.^ The present paper gives in detail the 
results of the tlxree seasons' studies. 


1 Received for publication, Dec. 28, 1931; Issued August, 1982. Contribution No. 144 from the Depart- 
ment of )3acterioIogy and No. 211 from the Deptntment of Agronomy, Kansas Agricultural Experiment 
Station. 

* LiPMANN, C. B. THtt NITRIFYING POWERS OF SOILS AS INDICES TO THEIR FERTILITY. SOC. Prom. Agr. 

Sci. Proc. 36 : 73-79. 1915. 

* Gainey, P. L., and Sew all, M. C. indications that available nitrogen nay be a limiting factor 
IN HARD WINTER WHEAT PRODUCTION. JOUr. AmOT. SOC. AgTOH. 22 : 639-841. 1930, 
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Figure l— Distant (A) and close (B) views of a typically spotted wheat field 

METHODS 


For these studies plant material and soil were collected from typical 
spots and from the area immediately adjacent to them (always within 
a radius of 10 feet). As Figure 2 indicates, the samples were taken 
from many fields over a wide territoiy. In all, 121 samples from 38 
counties were collected and studied. 

The samples taken from the spots are designated as G (good) and 
those taken from the field at large as P (poor). The exact technic 
followed during the three seasons varied somewhat; hence that 
employed in each year’s work is described separately. 
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NITROGEN STUDIES 

DATA FOR 1929 

Most of the samples studied in 1929 were collected at some distance 
from Manhattan; hence laboratory studies could not be made for 
several days. This necessitated, in the case of soil to be analyzed for 
nitrate nitrogen, some treatment to prevent any change in the nitrate 
content during the interval between sampling and analysis. At the 
same time, it was desired to make certain bacteriological tests. These 
could not be conducted upon samples of soil to which a preservative 
had been added. To overcome these difliculties, two samples of soil 
were collected from a typical spot and two from the area immediately 
surrounding it. If the soil was dry enough to be handled with a soil 
tube, one was used, otherwise a garden trowel was employed. In 
either case the sample was a composite of a number of smaller samples, 
usually not less than six, taken to a depth of approximately 7 inches. 
The soil was placed in pasteboard cartons, and to one of the samples 



Figithe 2.— Locations from which samples of plant materinl and soil were collected 

a heavy application of toluol wuis added and mixed thoroughly with the 
soil. As soon as this sample reached the laboratory it was analyzed 
for nitrate nitrogen by the phenol-disulplionic acid method. The 
.sample was then dried, ground, and analyzed for total nitrogen by 
the Kjeldahl method. 

The sample that received no toluol was used for bacteriological 
studies. It was first passed through a coarse sieve, three meshes per 
centimeter, and the moisture content and water4iolding capacity 
were then determined. Duplicate samples, the equivalent of 100 g 
of dry soil, were weighted into wide-mouth cotton-stoppered bottles 
and sufficient water added to bring the moisture content up to two- 
thirds saturation. These samples were held at room temperature for 
six weeks, the moisture lost through evaporation being replaced 
weekly. After six weeks^ incubation the nitrate-nitrogen content 
was determined. 

No special effort was made either in 1929 or the succeeding years 
to eUmmate contamination completely. It was felt that, since there 
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was every opportunity for the transfer of soil from a spot to the 
surrounding area, or vice versa, under field conditions, the use of 
absolutely aseptic conditions would be a waste of effort. However, 
the instruments used in the field were freed of soil in passing from 
one sample to another, and in the laboratory the ordinary precau- 
tions were observed to prevent the gross transfer of material from 
one sample to another. 

Soil samples were taken from 38 fields in 19 counties. From the 
same spot and surrounding area from which soil samples were taken, 
samples of the growing grain were also collected by pulling, thus 
including the crown and such roots as adhered. In 1929 the plants 
were not collected from a definite area as in 1930 and 1931 . However, 
the number of plants was recorded, and comparisons are made on 
the basis of the individual plant. Such values give no indication 
as to the actual quantity of nitrogen removed from a unit area of 
soil, but since there was no marked difference in the stand of wheat 
on the spot and elsewhere, they do give relative values, or the com- 
parison that is of special interest. After the soil had been washed 
from the roots and the number of plants recorded the entire batch 
of material was dried, ground, and analyzed for total nitrogen.^ 

The results of the 1929 studies are recorded in Table 1. The data 
hero presented may be briefly summarized as follows : 


Table 1. — Data obtained from study of plants and soil taken from spots and 
from surromiding areas — 1929 


Sample 

No. 

Height of 
plants 

Weight of 
plants 

N in plants 

1 

N in soil i 

NOs in soil 

NOs in incu- 
bated soil 

NO» formed in 
incubated soil 

P 

O 

P 

G 

P 

a 

P 

O 

P 

a 

Y 

G 

P 

G 


Ins. 

Ins. 

Gms. 

0ms. 

P. ct. 

P. ct. 

P. ct. 

P. ct. 

P.v.m. 

P.p.m! 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

248.5 

1 

6 

28 

1.48 

3.78 

1.21 

2 . 38 

.1850 

.2020 

9.7 

17.5 i 

88 

266 

78.3 

2 

0 

28 

2. 01 

6.38 

1.00 

1. 85 

.2160 

.2180 

9.2 

8.5 

176 

313 

166. 8 

.304. 5 

3 

6 

21 

1.68 

3.05 

.88 , 

2.17 

.0560 

.0606 

9.0 

18.0 

80 

186 

71,0 

168.0 

4 

6 

21 

.66 

2. 67 

1.06 

1.74 

.0760 

.0810 

8.7 

8.5 

63 

106 

54.3 

96. 6 

6 

6 

15 

.80 

2.91 

, .98 1 

2.31 

.1025 

.1036 

7.5 

9.0 

82 

no 

74.6 

101.0 

6 

10 

27 

1.08 

5. 67 

1.73 

2.24 

.1030 

.0990 

20.2 

26.7 

90 

104 

69.8 

77,3 

7 

6 

18 

.20 

1. 47 

1.39 

2.61 

. 1655 

.1960 

22.7 

31.0 

187 

6fi8 

164.3 

537. 0 

8 

18 

33 

1.74 

4.69 

1.05 

2.43 

.1080 

.1100 

19.8 

28.5 

86 

146 

66.2 

11 7. .5 

9 

12 

26 

1.68 

6.93 

1.07 

1.89 

.1290 

. 1395 

19.2 

27.8 

108 

240 

88.8 

212.2 

10 

14 

26 

1.62 

7.39 

1. 20 

2.29 

.1410 

. 1765 

19.2 

16.9 

100 

426 

80.8 

409. 1 

11- 

7 

12 

.27 

.63 

1.49 

2. 81 

.1135 

.1380 

18.6 

73.6 

117 

1,060 

98.5 

886.4 

12 

10 

20 

2. 33 

4. 44 

.82 

2. 16 

. 0330 

.0360 

17.0 

120.7 

HI 

114 

44.0 

-6.7 

13 

8 

16 

.25 

.88 

1.64 

2.21 

. 1100 

.1140 

17.7 

26.2 

1.50 

180 

132. 3 

163.8 

14 

fi ! 

12 

.60 

.73 

1..38 

2. 82 

.1146 

.1360 

16.3 

42.3 

147 1 

820 

130.7 

777.7 

16 

10 

16 

2. 12 

2. 10 

: 1.17 

1.96 

.1415 

.1530 

16.8 

58.3 

169 

382 

152.2 

323. 7 

16 


16 

1.42 

4.90 

1.38 

1.86 

,1690 

.1660 

14.7 

60.8 

200 

432 

185.3 

371.2 

17 

7 ' 

12 

.44 

.72 

1.47 

2. 67 

.1380 

.1410 

24.4 

60. 1 

157 1 

273 

132.6 

212. 9 

18 

6 

10 

.33 

.61 

1. 76 

3.03 

. 1080 

.1250 

18.1 

34.4 

113 

606 

94.9 

631. 6 

19 

4 

6 

.28 

.61 

2.00 

3. 97 

.1160 

.1485 

19.1 

163. 6 

96 

626 

76.9 

401.5 

20 

6 

11 

.09 

.49 

1.91 

2.84 

.1330 

.1380 

18.5 

lli7. 0 

120 

253 

101.5 

96.0 

21 

6 

8 

.31 

.64 

1.99 

3. 35 

.1426 

.1416 

17.4 

21.0 

212 

259 

194.6 

238.0 

22 

5 

8 

.32 

.63 

2. 10 

3.86 

.1175 

.1160 

18.3 

35.8 

107 

660 

148.7 

524.2 

23 

5 

7 

.22 

.81 

2. 01 

3.62 

.1326 

.1260 

19.1 

72.4 

164 

388 

144.9 

316.6 

24 

10 

16 

.72 

1. 18 

1.43 

2.87 

.1730 

.1886 

18.0 

68.4 

165 

840 

147.0 

781.6 

25 

11 

17 

1.92 

6.68 

1.65 

2.50 

.1405 

.1480 

18.3 

73.2 

156 

152 

802 

137,7 

98.1 

78.8 

778.8 

26 

10 

16 

1.62 

2. 63 

1.30 

2.69 

.1406 

.1680 

15.9 

23.2 

114 

27 

10 

14 

.44 

.49 

1.68 

2.65 

.1686 

.1885 

16.2 

67.9 

286 

498 

269.8 

480.1 

28 

8 

16 

.74 

1.26 

1. 49 

2.21 

.1286 

.1376 

17.8 

22.4 

266 

222 

248.2 

199.6 

29 - 

12 

18 

1.06 

8.05 

1.34 

2.69 

.1480 

.1870 

20.9 

21.9 

240 

1,440 

219.1 

1,418.1 

80 

12 

18 

1. 14 

2.66 

1. 81 

2. 46 

. 1106 

.1196 

33.9 

35.8 

166 

481 

132.1 

445.2 

31 

8 

11 

.40 

.89 

1.85 

3.45 

,1866 

.2210 

15.8 

35.4 

248 

1,116 

232.2 

1,080.6 

32 

11 

20 

.69 

1.36 

1.26 

2.94 

.1606 

.1780 

118.6 

146.6 

260 

1,346 

141. 5 

1, 199. 5 

83 

9 

20 

.61 

1.42 

1.34 

2.17 

.im 

.1385 

17.3 

65.0 

166 

446 

148.7 

380.0 

34 

6 

12 

.24 

.36 

1.52 

2.99 

.1336 

. 1630 

22.6 

29.4 

161 

1,600 

138.5 

1, 670. 6 

36 1 

9 

18 

.28 : 

1.04 

1.33 

3. 01 

.1236 

.1510 

20.6 

78.7 

172 

1,200 

151.4 

1. 126. 3 

BS. 

8 

14 

.61 

1. 14 

1.63 

3,47 , 

.1396 

. 1446 

18.4 

137.6 

360 

200 

341.6 

62.4 

37...... 

9 

19 

.47 

2. 67 

1. 45 

2.53 j 

.1466 

.1566 ; 

16.0 

81.7 

136 

400 

120.0 

368.3 

38 

10 

24 

.46 

2.62 

.99 

2.40 j 

.0960 

. 1076 

16.1 

49.1 

168 

463 

141.9 

403.9 

Av— 

8.4 

17.1 

.87 

2.32 

1.43 

2.63 

.1288 

. 1434 j 

20.2 

62.4 

168 

618 

137.4 

466. 3 


* The total ztitrogen determinations on both soil and plant materials for 1929 and 1930 were made in the 
analytical laboratory of the Bepartment of Chemistry under the supervision of Prof. W. L. Latshaw. 
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The average height of the G plants was 17.1 inches and of the P 
plants 8.4 inches, the former being taller than the latter in every com- 
parison. The average weight of the G plants was 2.32 and of the 
P plants 0.87 g, there being only one instance in which the average 
weight of the P plant exceeded that of the G. In several instances, 
the exception just noted being one, there was an excessive number of 
plants within the spot, resulting in the absence of stooling and the 
development of slender, weak plants; otherwise the differences in 
weight between the P and G plants would have been even more 
marked. 

The percentage of nitrogen in the P plants ranged from 0.82 to 2.10, 
with an average of 1.43, while the corresponding values for the G 
plants ranged from 1.74 to 3.97, with an average of 2.63. Without 
exception, the nitrogen content of the G sample exceeded that of the 
P sample. Since the average weight of the G plants was 2.67 times 
that of the P plants and the average nitrogen content of the former 
was 1.84 times that of the latter, the average quantity of nitrogen 
removed from the soil occupied by a G plant was 4.91 times that 
removed from the corresponding area occupied by a P plant. 

Even though the G plants had removed 4.91 times as much nitrogen 
from the soil as had the P plants, the G soil when collected still 
contained, on an average, approximately 2.6 times as much nitrate 
nitrogen as did the P soil, the average NO3 content being 52.4 and 
20.2 p. p. m., respectively. 

When the moisture content of the P and G soils was made up to 
optimum and the soils placed under identical incubation conditions 
for six weeks, the quantity of NO3 present showed a marked increase 
in practically every sample and the quantity found in the G sample 
exceeded that in the P sample in 35 of the 38 comparisons, the average 
for P being 158 and for G, 518 p. p. rn. If the NO3 present originally 
bo deducted from that present at the end of the six weeks^ incuba- 
tion, the cmantity formed <luriug the incubation period can be approx- 
imated. The average for the P samples is then found to be 137.4 and 
for the G samples 465.3 p. p. m. Obviously, the rate of accumulation 
of NO3 in the G soil was relatively greater when the two were placed 
under identical conditions than it was in the field, for while the original 
NO3 content of the G soil was 2.59 times that of the P soil, the accu- 
mulation of NO3 in the G soil in the laboratory was 3.45 times that in 
the P soil. The difference in the accumulation under the two con- 
ditions can be partly explained by the more rapid absorption of NO3 
from the G soil under field conditions as a result of the heavier plant 
growth. 

As would be expected in a group of soils collected from such widely 
sc,attered areas, there was a very marked variation in the nitrogen 
content of the different samples. A rather unexpected dift'erence 
noted, however, was the uniformly higher nitrogen content of the G 
sample as compared with the P, there being only four exceptions to 
this rule. In many instances, the differences were not very great but 
the average was significant, being for the P and G soils 0.1289 and 
0.1434, respectively, or 11 per cent higher for the G than for the P 
soils. 

If the 38 comparisons are arranged in the order of the magnitude 
of the difference in nitrogen content between the P and G samples, 
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as has been done in Table 2, it is quite evident that, in spite of a 
number of marked exceptions, the excessive accumulation of NO3 in 
G over P is definitely associated with the excess of nitrogen in G. 


Table 2, — Relationship between excess nitrogen in soil from spots and excess NOz 
accumulation (data from Tables 2 and 4)} the comparisons being arranged in order 
of magnitude 


Sample No. 

1929 < 

Excess N 
in G soil* 

Jata “ 

Excess NOj 
accumula- 
tion in G 
soil 

Ham pic No. 

1931 

Excess N 
in G soil * 

(lata " 

E.\oess NO 3 
accumula- 
tion in G 
soil 


Pounds per 



Pounds per 



acre 

P. p. m. 


acre 

P. p. m. 

1 

1,340 

170 

20 

6.54 

926 

29 

'760 

1 1,199 

32. ; 

608 

524 

10-- , . - 

7J0 

328 

6 

616 

664 

31 . 

710 

' 848 

37 

48(> 

(511 

19_ 

660 

385 

31 

474 

.540 

7 

.690 

373 

18 

420 

261 

34 

590 

1,432 

39-. „ - 

382 

325 

36 

660 

'975 

16 

376 

537 

33 

530 

2.31 

19- ... 

370 

180 

JL... 

490 

888 

2 

368 

78 

14 

430 

647 

22- - 

368 

224 

27 . 

400 

160 

7 

348 

328 

26.,- 

360 

681 

33 

292 

421 

32 

360 

1,0.68 

8 

284 

17 

18 

340 

' 6:17 

10- 

284 

371 

24 - 

270 

635 

2.5 

264 

1.57 

16.,. . 

230 

172 

27 

264 

100 

38 

230 

262 

9 

224 

183 

37 . . 

220 

248 

13. ... 

216 

191 

0. 

210 

123 

4.- 

20(5 

140 

28 

IHO 

-49 

17 

168 

140 

30 

180 

313 

28 

1.58 

201 

25 

150 

—69 

29 

146 

(54 

16. 

140 

186 

11 

142 

-13 

4 

1(K) 

42 

12. 

1.34 

125 

36 

1(K) 

-279 

34 

' 128 

95 

20 

100 

—6 

23 - 

120 

169 

3 

90 

07 

35 - 

10(5 

273 

13 

80 

22 

42 

104 

11 

12 

60 

-61 

2L.. 

98 

(5 

17 

60 

80 

14. 

82 

30 

2 

40 

139 

40- 

82 

J14 

8 

40 

.51 

6 

60 

63 

6 

20 

27 

26 

60 

-3 

21 

~20 

43 

43-.- 

.50 

3.5 

22 

—60 

376 

36 

38 

51 

6 

-80 

8 

3. , . 

38 

63 

23-.- 

“130 

171 

1.5- . - . 

30 

32 




24 - 

22 

57 




41 

8 

72 




1 

-30 

30 




30 

-38 

-8 


- Correlation coefficient, 1929, ().527±0.079, 
Correlation coefficient, 1931, 0.843±0.030, 
« 2,000,000 iiounds of soil. 


The low correlation coefficient (0.527 ±0.079), together with the 
fact that in all four instances in which the nitrogen content of P 
exceeded that of G the latter still exhibited a much higher NO3 
accumulation, indicates very strongly that some factor other than 
total nitrogen was influencing the rate of nitrate accumulation. How- 
ever, in the 20 instances in which the G soil contained over 200 pounds 
per acre more nitrogen than did the P soil, the average excess accum- 
ulation of NO3 was 568 p.p. m., ranging from ±123 to ± 1,432 p.p.m., 
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while the corresponding values for the 18 comparisons in which the 
difference in total nitrogen between P and G was less than 200 pounds 
per acre averaged 62 and ranged from —279 to +376 p. p. m. On 
the other hand, while the average total nitrogen was only 1 1 per cent 
more in the G than in the P soil, the average NO3 accumulation dur- 
ing the six weeks’ period was 239 per cent more in the G soil. 

Flasks of Ashby’s mannite solution were inoculated with both P 
and G soil, but the differences between the two soils in the typo and 
quantity of growth that took place were so slight as to indicate that 
quantitative nitrogen determinations would yield no information of 
value; hence none were made. Where differences in growth between 
the P and G samples were evident they were, in most instances, in 
favor of the P samples. 

DATA FOR 1930 

During the spring of 1930 samples of soil and growing grain were 
collected from spots and from the immediately adjacent areas in 40 
fields in 21 different counties. The methods used were similar to 
those employed in 1929, except that no sample of soil was taken for 
bacteriological studies and the growing grain was collected by cutting 
it just above the surface of the grouna from a definite area, 1 or 2 
square feet, depending upon the size and thickness of the plants. 

The data for 1930 are presented in Table 3. 


Table 3. -Da/a obtained from study of plants and soil taken from spots and from 
surrounding areas in 1930 


Sum pie No. 

Height of 
plants 

Weight of 
plants 

N in plants 

N in soil 

NO3 in soil 

P 

(1 

P 

a 

P 

(1 

P 

a 

P 

(] 


Inches 

Inches 

Qravis 

Qrams 

Percent 

Percent 

Percent 

Percent 

P . p . m . 

P . p . m 

1 

20 

34 

36. 5 

116.0 

1.010 

1. 295 

0. 1120 

0.1100 

10. 90 

9. 26 

2 

26 

34 

28.2 

104.0 

1.220 

1.6.50 

.1400 

. 14.50 

11.99 

29. 72 

3... 

15 

30 

23.7 

98.7 

1.370 

2. 090 

.2040 

.2105 

15. 08 

29. 34 

4 

15 

27 

29. 5 

65.7 

1.375 

1.620 

. 1.565 

. 1.585 

52. 97 

28. 76 

5 

18 

24 

16.0 

. 

1.520 


.1470 

. 1.5.50 

10. 60 

42.10 

« 

24 

36 

41.0 

124.0 

1.440 

1.745 

. 1975 

.2095 

7.88 

19. 88 

7.... , 

IS 

30 

19.0 

80.0 

1.440 

1. 960 

. 1.545 

. 1800 

10. 98 

21.01 

K 

If) 

22 

11.0 

55.0 

1.610 

1.830 

.1200 

. 1295 

12. 

28, 13 

9 

18 

28 

25.0 

95.0 

1.695 

2. 160 

.1220 

. 1215 

10. 24 

62. 95 

10 

12 

18 

14.0 

38.0 

1.485 

2. 435 

.1066 

. 1080 

8.67 

16. 27 

11 

14 

24 

18.0 

70.0 

1.410 

2. 475 

. 0896 

.1000 

14. 26 

38. 96 

12 

18 

18 

22.0 

2.5.0 

1. 545 

2.580 

.0906 

.1020 

11.06 

62.47 

13... 

15 

18 

32.0 

56.0 

1.830 

2. 425 

. 1685 

.1610 

10.63 

12. 91 

14 

15 

23 

40.0 

81.0 

1. .5.50 

2. 990 

.1490 

.2200 

9. .51 

329. 22 

15 

10 

16, 

10. 0 

38.0 

1.885 

2. 7.50 

.1130 

.1070 

14. 01 

16. 93 

Ifi.. 

16 

21 

20.0 

4,5.0 

1. 690 

2.715 

. 1310 

. 1340 

12. .54 

33. 72 

17 

15 

18 

23.0 

02.0 

1.570 

2.685 

.1400 

.1520 

10.21 

31.20 

18 

12 

16 

16.0 

46.0 

1.840 

2.970 

.2100 

.2150 

8. 52 

17.04 

19.. 

6 

11 

9.0 

25. 6 

2.470 

3.440 

.0990 

.1250 

8.49 

3.5.38 

20 .. . 

J1 

20 

22.0 

34.0 

2.215 

3.270 

.1620 

.1.510 

12.22 

29. 48 

21 

12 

17 

21.0 

49.0 

1.600 

2. 920 

.1680 

. 1750 

8. 48 

14. 15 

22 

18 

24 

34.0 

.50.0 

1.490 

2.530 

.1265 

.1940 

9. 29 

39.00 

23 

12 

18 

12.0 

29.0 

1. 770 

3.040 

.1180 

.1280 

9.41 

45. 92 

24 

12 

18 

17.0 

1 49.0 

1.895 

3.265 

.1410 

. 1665 

10.69 

52.00 

25 

8 

11 

8.6 

22.0 

2.000 

3.705 

.1190 

.1210 

9.61 

18. 13 

26 

13 

21 

23.0 

58.0 

1. 330 

2.970 

f 1120 

.1200 

10. 04 

17. 94 

27 

10 

18 

13.0 

56.0 

1.870 

3.055 

. 1165 

.1300 

9.86 

36.48 

28 

18 

28 

16.0 

71.0 

1.325 

2. 165 

. 1310 

.1260 

9. 75 

16.02 

29.... 

13 

18 

25.0 

62.0 

1. 475 

2.756 

.1220 

.1160 

10.00 

14. 10 

30 

15 

21 

18.0 

49.0 

1.560 

3. 180 

.1130 

. 1145 

8.67 

83.31 

31 

17 

23 

23.0 

66.0 

1.520 

1.940 

.1420 

. 1465 

10. 21 

14. 16 

32,.., 

16 

24 

20.0 

80.0 

1.800 

2. 770 

.1270 

.1450 

9.65 

51. 57 

33 

20 

36 

32.0 

93.0 

1.610 

2. 130 

.1885 

.1985 

9. 61 

19.78 
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Table 3. — Data obtained from study of plants and soil taken from spots and from 
surrounding areas in 1930 — Continued 


1 

Sample No. 

Height of 
plants 

Weight of 
plants 

N in plants 

_ J 

N in soil 

NOj in soil 

V 

0 

P 

G 

P 

G 

P 

G 

P 

0 


Jnehea 

Inches 

Grams 

Grams 

jPer cent 

Per cent 

Per cent 

Per cent 

P. p, m. 

P. p. m. 

34 

20 

32 

28.0 

mo 

1.390 

1 1.770 

. 1620 

.1600 

0 41 

14 07 

36 

20 

28 

27 0 

69.0 

1. ;w() 

1.720 

.14iJ0 

. 145.5 

8. 72 

33. 51 

36... . ... 

2r) 

29 

.59.0 

99.0 

1. 120 

1.090 

.1200 

. 1365 

7. 73 

46. 55 

37 - 

IH 

30 

30.0 

119.0 

1. l.W 

2,080 

.1150 

. 1390 

a 14 

42. 91 

38 

18 

20 

18.0 

43.0 

1.700 

2. 780 

.1300 

.1010 

9. .53 

33. 18 

39 - 

24 

28 

1 29.0 

63.0 

1.330 

2. 080 

. 1555 

.1840 

K.91 ; 

87. 73 

40 

18 


27. 0 

91.0 

1. 550 

1.900 

. 1550 

. 1.515 

10.00 

12. 85 

Average 

16.02 

23.5 

23.41 

66.30 

1. 572 

2.457 

.1379 

i 

.1486 

11.297 i 

39. 20 


In practically every instance the plants were taller and the dry 
weight greater from the spot than from the area unmecliately adja- 
cent, the average values being as follows: For height, P 16 inches, 
G 23.5 inches; for dry weight, r 23.41 g and G 66.30 g. Furthermore, 
the percentage of nitrogen in the plants from the G soil was invariably 
greater than that in the plants from the P soil, the latter varying from 
1.010 to 2.470 and averaging 1.572, while the former ranged from 
1.295 to 3.705 and averaged 2.457. There were only three of the P 
samples in which the nitrogen content exceeded 1.9 per cent, whereas 
only seven of the G samples contained less than that amount. In 
1929 there were five P samples with a nitrogen content in excess of 
1.9 per cent and four G samples with a smaller percentage of nitrogen. 

Since the average weight of d^ matter per unit area from G was 
2.83 times that from P and the nitrogen content of the plant material 
1.56 times that of P, the G plants had absorbed 4.41 times as much 
nitrogen as the P plants growing upon equal areas. The (‘.orre- 
sponding value for 1929 was 4.91. 

The average NOa coiltent of the P soil was 11.3 and that of the 
G soil 39.2 p. p. m., the G exceeding the P in 38 of the 40 comparisons, 
the average NO3 content of the G soil being 3.47 times that of the P 
soil. The corresponding figure for 1929 was 2.6. 

The average nitrogen content of the 40 P soils was 0.1379 per cent 
and of the G soils 0.1485 per cent, as compared with 0.1289 and 
0.1434 per cent, respectively, for 1929. No samples were incubated 
during the 1930 season. 

DATA FOR 1931 

In 1 93 1 , 43 sam pies were collected from 1 1 co unties . All the samples 
were taken within a radius of 100 miles of Manhattan, which made it 
possible to initiate laboratoiy studies within a few hours after the 
samples were collected and to utilize the same sample for chemical 
and bacteriological studies. Nitrate and total nitrogen analyses of 
the soil were run as in previous years. After moisture content and 
water-holding capacity were determined, duplicate 100 g (dry basis) 
samples were weighed into wide-mouth cotton-stoppered bottles, and 
the moisture was made up to two-thirds saturation and held at room 
temperature for four weeks, the moisture lost being replaced weekly. 
Two additional samples were treated in the same way, except that 1 g 
of cottonseed meal containing 7 per cent nitrogen was thoroughly 
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mixed into the soil. All four samples were analyzed for nitrate 
nitrogen after four weeks' incubation. 

The nitrogen-fixing ability of the various soils was determined by 
inoculating (in quadruplicate) poured plates containing 20 c c of' 
carefully washed mannite agar with 1 g of soil, immediately analyzing 
two for total nitrogen and incubating the remaining two at 28® C. 
two weeks, after which the nitrogen content was determined. During 
incubation the plates were examined at frequent intervals and the 
relative growth of Azotobacter recorded. 

The growing grain was cut from an area of 2 square feet, dried, 
weighed, ground, and analyzed for total nitrogen. 

The 1931 data are presented in Table 4. In every one of the 36 
comparisons there shown the height and dry weight of plants from 
the spot exceeded that from the surrounding area, the average height 
being P 11.9 and G 20.7 inches, and average weight P 39.5 and G 
1 14.9 g. The nitrogen content of the P plants ranged from 0.80 to 
2,83 i)er cent and averaged 1.55 per cent, while that of the G material 
varied from 1.22 to 4.10 per cent and averaged 2.56 per cent. There 
were only three P samples in which the nitrogen content was higher 
than 1.9 per cent and only four G samples in which the nitrogen con- 
tent was lower than that amount. 
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Nitrogen fixed 
per plate 

0 

MiUU 
grain* 
3.86 
.23 
.27 
5-13 
3.56 
-.11 
3.44 
3. 61 
.11 
3.71 
.03 
3.20 
4.12 
3.64 
-.04 
3.90 
3.00 
1. 31 
.69 
3.94 
.46 
.30 
.77 
1.42 
3.97 
.41 
2.41 
3.90 
5.17 
.75 
4.76 
4.88 
3.90 
3.66 
-.22 
427 
-.08 
.00 
.18 

(h 

MiUi- 

grams 

3.37 
-.04 

.15 

1.05 

3.87 

-.37 

3.80 

3.83 

.82 

413 

.16 

2L88 

3.86 

435 

.21 

2.78 
4 28 

.22 
1.57 
4 75 
.41 
.98 
1. 13 
1.29 

4.38 
.56 

&09 

3.89 

455 

2.39 
5.36 
464 

3.79 
3.56 
1.05 
404 

-.30 

.27 

2.00 

1 

1 

6 

"A 

0 

P. p. TO. 

870.6 

986.4 

1.096.3 
l,66ai 

451.0 

1. 116. 3 

564.0 

826.0 

1.215.0 

1. 445.0 

1.077.0 

1.401.7 

1.299.4 

1. 271. 5 

1.032.8 
260.8 

1.420.6 
681.3 

1,052.2 

77a 0 

1.047.4 

735.1 
617.9 

767.0 

952.8 

1.311.6 

1.172.5 

1.336.1 

1. 321. 2 

1.261.9 
4347 

940.2 
1. 178. 2 

202.3 

888.8 

1.360.6 

1.208.2 
840.8 

941.0 

Ah 

P. p TO. 

963.0 
1,055.7 

1. 105. 6 

958.2 

1.015.0 

997.2 

723.2 

989.5 
914 9 

1.299.5 

604.5 
1.230.3 

1. 259. 2 

1. 201. 1 
8440 

1. 101. 3 
1, 124 6 

1. 075. 0 
1,362.2 

958.8 

929.1 

771.6 
955.0 
9ia2 

737.7 

1.053.9 
709.6 

1.245.7 

1.492.5 

1.012.7 
1, 275. 2 

1.423.9 

972.3 

488.9 

1.228.1 
i;486.4 
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Since the average weight of dry plant material from equal areas was 
2.91 times as much from the G as from the P soil and the nitrogen 
content 1.65 times as great in the G soil, there had actually been re- 
moved, per unit area, 4.80 times as much nitrogen from the G soil as 
from the P. The corresponding values for 1929 and 1930 were 4.91 
and 4.41, respectively. In spite of the fact that 4.80 times as much 
nitrogen had been removed from the G as from the P soil, the soil 
from the spots still contained an average of 47.6 p. p. m. NO3 as com- 
pared with an average of 6.5 p. p. m. in the surrounding soil. There 
were only 5 of the 43 comparisons in which the NO3 content of the P 
soil exceeded that of the G. In one case they were the same. 

When the moisture content of the soils was brought to optiiiuim 
and the two held under identical conditions of temperature, aeration, 
etc., for four weeks, a very rapid accumulation of NO3 took place in 
practically all samples, the accumulation being approximately four 
times as rapid in the G soil as in the P. The average quantities of 
NO3 found after incubation were 76.3 p. p. m. for the P samples and 
323.4 for the G samples, the quantities formed during the 4-week 
period being on an average 69.7 p. p. m. in the the P soil and 275.8 
in the G soil. These comparative values, together with the almost 
identical results obtained in 1929, lead inevitably to the conclusion 
that there must have been present in the G soil either a much more 
active nitrifying flora or a quantity of nitrogen capable of being niuch 
more easily transformed into the nitrate condition. If the differ- 
ences in favor of the G soil were due to a more active microflora, then 
when an abundance of easily transformed nitrogen was added to the 
two soils in equal cmantities the microflora of G should be capable of 
transforming the added nitrogen into NO3 at a much more rapid rate, 
whereas, if no difference existed in the two microfloras, the rate at 
which the added nitrogen would be transformed into nitrate nitrogen 
should be approximately the same. 

A comparison of the nitrate content of the P and G soils to which 
cottonseed meal was added shows the NO3 content of the latter to be 
appreciably higher than that of the former, the average values being 
1,113.6 and 1,327.9 p. p. m., respectively, for P and G. However, if 
the NO3 present in the incubated soil not receiving cottonseed meal 
be subtracted from that present in samples receiving the added nitro- 
gen, then an approximation of the nitrate nitrogen actually formed 
from the added nitrogen is reached. When this is done it is found 
that the values are on an average practically identical, being for the 
P soil 1 ,040.9 and for the G soil 1,004.5 p. p. m. Furthermore, in 22 
of the 42 comparisons the P soil exceeded the G, while in the other 20 
the reverse was true. This is almost conclusive evidence that the 
difference in the accumulation of NO3 is not connected with a more 
eflScient microflora in the soil of the spots, but is in some way asso- 
ciated with differences in the quantity or quality of the nitrogen 
content. 

Again, as in the two preceding seasons, the average nitrogen con- 
tent of the G samples was found to be slightly higher than that of 
the P samples, the actual values being 0.1447 and 0.1555 per cent. 
In only two comparisons did the nitrogen content of the P sample 
exceed that of the G. 

If the soils are arranged in the order of the magnitude of the differ- 
ence in nitrogen between the P and G samples, as was done for the 
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1929 data, and these differences compared with those in nitrate 
accumulation during the 4-week incubation period, it will be noted 
that the two are associated. (Table 2 .) The coefficient of correla- 
tion is 0.843 ±0.030, as compared with 0.527 ±0.079 for 1929, a sig- 
nificant correlation. The association is more strikingly shown if the 
average NO 3 accumulation of those soils in which the difference in 
nitrogen content exceeded 200 pounds is compared with that of the 
soils in which the difference was less marked. In the former group 
the average excess NOg accumulation in G over P is 339 p. p, m., and 
in the latter only 74 p. p. in., as compared with 568 and 62 for the 
1929 data. 

In spite of definite indications that the higher nitrate content of 
the G soil is associated with the higher total nitrogen content, the 
large number of instances, both in the 1929 and 1931 data, in which P 
samples with a relatively high total nitrogen content showed rela- 
tively low NO3 accumulation, and G samples with relatively low total 
nitrogen content showed high NOg accumulation, indicate that the 
total nitrogen alone can not account for the difference in the rate of 
nitrate accumulation. There are comparatively few instances in 
which the maximum accumulation of NOg in the P soil, regardless of 
the total nitrogen content, has equaled the minimum accumulation 
in the G samples. A concrete illustration will suffice to emph^^size 
this point. Samples 34 and 32 contained the lowest ] 3 ercentage of 
nitrogen of any of the G soils in the 1931 series, both being lower than 
any P sample except their corresponding numbers, yet the accumu- 
lation of NOg in the 34 G sample was exceeded by that in only 1 V 
sample, and the accumulation of NOg in the 32 G sample was 3.5 
times the highest accumulation in any P sample. 

That there must be a difference in the quality as well as the quan- 
tity of the nitrogen present in the G soil as compared with that in the 
P soil is further substantiated by the following comparison: On an 
average, the G soil contained only 7.5 per cent more nitrogen than 
the P soil, yet during the 4-week incubation period the G soil formed 
296 per cent more NOg. The corresponding values for the 1929 data 
were 11 and 239 per cent. 

A second attempt was made in 1931 to measure the relative nitro- 
gen-fixing ability of the soil from spots and from the soil immediately 
surrounding them. Poured plates of carefully washed mannite agar 
were inoculated with a definite quantity of soil, incubated for two 
weeks, and the quantity of nitrogen determined. Colony counts 
were also made at freqiumt intervals. On the whole, no significant 
difference was found in the quantity of nitrogen fixed, the average for 
the 43 comparisons being 2.28 and 2.18 mg per plate for the P and G 
samples, respectively. In a few instances significant differences were 
observed, the difference being sometimes in favor of one sample and 
sometimes in favor of the other. There was, however, a rather strik- 
ing difference between the two samples in the early development of 
Azotobacter colonies. Approximately one-half the soils failed to 
show appreciable development of tlie bacteria, Azotobacter being 
cither completely absent or confined to a few isolated colonies, possi- 
bly arising from contaminations. In a few instances the develop- 
ment of colonies was quite similar in both samples, but in most cases 
there was a striking difference in favor of the P soil. After Azoto- 
bacter had grown for two weeks, the total mass was approximately 
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equal in the two samples; hence no marked difference in nitrogen 
fixation was evident. The reason for the presence of larger numbers 
of Azotobacter in the P soil is not clear. It is possible that the 
growth of Azotobacter in the presence of an abundance of available 
nitrogen, such as occurred in the soil of the G spots, resulted in a 
temporary lowering or loss of nitrogen-fixing ability and that when 
the bacteria were transferred to a pabulum practically devoid of com- 
bined nitrogen many were unable to survive. However, those that 
did survive soon regained their nitrogen-fixing ability and thrived. 

YIELD STUDIES 

DATA FOR 1929 

Because of the wide distribution of fields from which soil samples 
were studied and the ve^ short time in which samples of mature 
grain could be collected, it was impossible to obtain yield data from 
the same fields from which the soil samples were taken. Comparisons 
of yield have been confined to four counties, Riley, Clay, Dickinson, 
and Geary. For the season of 1929 samples of ripe grain were har- 
vested from spots and the area immediately adjacent in 20 wheat 
and 2 qat fields. The same four drill rows were cut for a distance of 
2 feet in the spot and immediately adjacent to the spot. In some 
instances the cutting was actually continuous, and in no instance was 
it separated by more than 2 feet. The harvested area approximated 
4 square feet, or 0.0001 acre. The 1929 data are recorded in Table 5. 

Table 5. — Yield of wheat or oat grain from equal areas of 4 square feetf P and 

G soil, in 1929 



Yield (grams) 


Yiehl (grams) 


Yield (grams) 


of grain on— 


of grain on— 


of grain on - 

Sample No. 



— 

Sample No. 

— 

— 

Sample No. 

! 



P area 

0 area 


Parea 

G area 


P area 

G area 

1 1 

48. 46 

97.47 

9 

51. 30 

ll.*). 46 

17 -- ... 

.50. 13 

108. 44 


35. .56 : 

117. 91 

10 

1 36 65 

144 69 

Ig 



3 . 

42.38 

108. 59 

11 

1 65.71 

no 14 

19 



4 

66. 59 

138.38 

12- 

45. 94 

' 123.6.5 

20 

66.85 

167. 64 

5 

28. 14 

165. 49 

13 --- 

44.07 

96. 38 

21 

.50.28 

110. 52 

6 

30. 82 

146, 52 

14-. 

17.51 

77* 

22 •* 


60.25 

138. 88 

16“ 

16!56 

146] 17 


52. 06 

222. 44 


43.35 

96. 10 

16 

47.23 

121. 79 

Average 

M4.13 

G27. .54 


» Oats. 

» 10.89 per eent protein in composite sample, oat samples not includeU. 
« 12.37 i)er cent protein in compo.site sample. 


The average yield of wheat and oats from the P areas was 44.13 g 
and from the G areas 127.64 g, the latter being 2.89 times the former. 
A composite of the wheat samples was analyzed for total nitrogen and 
mund to contain 1.91 and 2.17 per cent, respectively, for the P and 
G soils, or 10.89 and 12.37 per cent protein. 


DATA FOR 1981 

In 1931 smples of mature grain were harvested, in the same man- 
ner as m 1929, from P and G areas in 27 fields. The weight of grain 
percentage of nitrogen in each sample, and perc/ontage of protein 
calculated from the nitrogen are presented in Table 6. The essential 
pomts to be noted from the data in this table are that the yield of 
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grain from the G areas average 2.12 times that from equal P area, 
and contained an average of 29.19 per cent increase in protein con- 
tent. The corresponding values for 1929 were 2.89 and 13.59, respec- 
tively. In only 2 of the 27 comparisons did the grain from the P 
area contain as much nitrogen as that from the G area, while the 
maximum excess nitrogen in grain from a G area over that in grain 
from a P area was 96 per cent. 

Table 6 . — Yield and protein content of wheat grain from equal areas, 2 square feet, 
of P and G soil in 1931 




Weight of grain 

Nitrogen in grain 

Protein c-ontent of 
grain 

Increase 
or de- 
crease in 









protein in 









grain 


Sample No. 







from G 








soil over 



P 

0 

P 


P 

O 

that in 









grain 









from P 









soil “ 



Grams 

Grams 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

1 


33. 0 

122. 6 

\ - . 





2.. 


108. 0 

228.0 

1.86 

2.01 

10. 55 

11.46 

8.63 

.T . 


1 66. 6 

212. 0 

1.67 

2. 19 

9. .52 

12.48 

31.09 

4 


03.0 

143.0 

1.85 

2.19 

10. .55 

12.48 

.18.29 

. 


.63. 0 

160.6 

1.63 

2.22 

9.29 

12. 65 

36. 16 

fi-. 


43. 0 

102.0 

1.86 

2. 42 

10. 60 

13. 79 

30. 09 

7 . 


2.5.0 

84.0 

2.12 

2. 36 

12.08 

13. 45 

11.34 

S.. 


.57. 0 

127.0 

1.73 

2.12 

9.86 

12. OK 

22. 52 



89. 0 

160.0 

1.78 

2.39 

10. 15 

13. 62 

34. 19 

10. 


96. 0 

147.5 

1.76 

2. 53 

10. 03 

14. 42 

43. 77 

n . 


61.0 

182.0 

1.73 

2.28 

9.86 

13.00 

31. 85 

12. 


40. .5 

132.0 

1.30 

2.30 

7. 40 

13,11 

77. 16 

13. 


82.0 

117. 0 

1.6H 

2.2.5 

9. .58 

12. 83 

33. 92 

14. 


87.0 

119.0 

1.43 

1.72 

8. 15 

9.80 

20. 26 

Ifi. 


64.0 

112.0 

1.25 

2. 45 

7.13 

13.96 

96. 79 

16. 


49.6 

114.0 

1.87 

2.01 

10.66 

11.46 

7.50 

17. 


26.0 

63.0 

1.87 

2.50 

10.66 

14. 25 

33.68 

18. 


66. 5 

119.5 

1.70 

2.46 

9.69 

14.02 

44.68 

ly. 


SI. 5 

166.0 

1.60 

2.64 

9. 12 

15. 05 

65. 02 

20. 


80.0 

161.5 

1.86 

1.79 

10.64 

10. 20 

-3.23 

21. 


43. 0 

113.0 

1.90 

2.30 

10. 83 

13.11 

21. 05 

22. 


.53.0 

132. 0 

1.92 

2.00 

10, 94 

11.40 

+4.20 

23- 


.59.0 

101. 0 

1.76 i 

2.46 

10.03 

14.02 

39. 78 

24. 


52.0 

110.0 

1.94 

2.37 

11,06 

13.51 

22. 15 

26. 

i 

66.0 

95. 5 

2.24 1 

3.68 

12. 77 

20.98 

64.20 

26 


52. 0 

104.0 

2.12 

2. .55 

12.08 

14. 54 

20.36 

27. 


47.0 

109.0 

2.62 

2,69 

14. 93 

14.76 

-1. 14 


Average 

61.9 

131.0 

1.81 

2.34 

10.31 

13. 32 

29. 19 


•* Percentage increase or decrease in percentage of protein. 


DISCUSSION 

From a determination of the quantity of growth on equal areas 
within and without typical spots and an analysis of the plant material 
for total nitrogen, information was obtained relative to the actual 
quantities of nitrogen utilized under the two conditions. Since the 
jiuantity of a particular plant-food element available in the soil may 
influence the percentage of that element in the plant, as well as the 
total quantity absorbed, the quantitative analysis of the plant ma- 
terial was doubly important. As a result of these determinations it 
was found that, with one possible exception, the dry weight of plant 
material produced per unit area in the 113 comparisons was greater in 
the spot than in the area immediately adjacent (Table 7), the average 
values of G for the three years being, respectively, 2.67, 2.83, and 
2.91 times those of P. 
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Table 7. — Summary of data obtained in 1929, 1930, and 1931 


Item 


Average 
height of 
plant 


Average 
weight of 
plant material 


Average 
nitrogen in 
plants 


Average 
nitrogen in 
soil 


Average NO3 
in soil 



r 


a 


p 


G 


p 


G 


p 


G 


p 


G 


1»29« 

1930 h 

1931 - 

Total comparisons, num- 
ber 

Pairs in which Q exceeded 

P, number 

Oomparlsons in which G 
exceeded P, per cent 


In. 

K,4 

16.0 

11.9 


In. 

17.1 

23.5 

20.7 


Or a mu 
0.87 
23.4) 
39. 60 


Grams 

2.32 

66.30 

114.90 


114 

113 

09 


113 

112 

99 


Per ce.nt\ 
1. 43 
1.57 
1.65 


Per cent] 
2.63 
2. 46 
2. 66 


Per cent] 
0. 1289 
. 1379 
.1447 


\Per cent] 
0. 1434 
. 1485 
. 1565 


113 

112 

99 


121 

104 

86 


P. p. mJ 

20.2 

11.3 
6.5 


P.p.' 


52.4 
39.2 
47. (5 


121 

111 

92 


Item 

.\verage N O 3 
in incubated 
.soil 

Average NO 3 ; 
formed dur- j 
ing incubation 

Average N O.i 
in incubated 
.soil containing 
cottonseed meal 

Average NO 3 
formed from 
cottonseed meal 
during incuy>a- 
lion 

Average ni- 
trogen fixed, 
per rdate 


P 

0 

P 

(5 


G 

P 

G 

P 

G 

1929 « 

P.p.m. 

158.0 

P.p.m. 
518. 0 

P.p.m. 
137. 4 

P.p.m. 
465. 3 

P.p. m. 

P. p. m. 

P. p. m. 

P. p. m. 

MiUi- 

grains 

MiUi. 

grams 

1930 ‘ 








1931 

Total oomiwrisons, num- 

76. 3 

323. 4 

69.7 

275.8 

1, 113.6 

1,327.9 

1,040.9 

1,004.5 

2.28 

2.18 

ber 

Pairs in which G exceeded 

80 

1 80 

43 

42 

43 

P, number 

CompnrLsons in which G 

75 

7 

0 

30 

20 

’ 20 

exceeded P, per cent — 

94 

90 j 

70 

+48 

4 



« Weight of plant material based upon Individual plant. 
> Weight of plant material from 1 square foot. 

• Weight of plant material from 2 square feet. 


In the 113 comparisons the percentage of nitrogen found in the G 
material was greater than that in the P material in all instances 
except one, the actual average percentage of nitrogen being 1.84, 1.57, 
and 1.65 times as great in G as in P. The calculated quantity of 
nitrogen absorbed from the soil per unit area was, at the time the plant 
material was collected, 4.91, 4.41, and 4.80 times as great for G as for 
P for the three years under study. These same differences were 
carried through the grain to maturity, for the total quantity of 
nitrogen found in the mature threshed grain from the G area exceeded 
that from the P area by 3.29 and 2.73 times, respectively, for 1929 
and 1931. 

The above values indicate that more nitrogen was available in the 
soil of the spot than in the adjacent soil. The quantitative determi- 
nation of the nitrate nitrogen actually present in the soil gave addi- 
tional information as to available nitrogen, at least at the time the 
samples were taken. These data show that even though four and a 
half times as much nitrogen had been removed from the G soil by the 
Rowing plants as from the P soil, there was still present in the G soil, 
for the three years imder study, averages of 2.59, 3.47, and 7.32 times 
as much NO3 as was present in the P soil. Furthermore, of the 121 
comparisons, there were only 10 in which the P sample contained more 
NOg than the G sample, and the difference in favor of the P sample 
was significant in only two instances. (Table 7.) 
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The relatively low NO3 content of the P soil, averaging only 6.5 
p. p. m. for the 43 samples collected in 1931, together with the low 
nitrogen content of plant material and the absence of dark-green 
color, indicated that the plants growing therein were maintaining the 
nitrate level very near the minimum at which absorption can take 
place, whereas in most of the G soils there was a surplus of available 
nitrogen. 

These data show beyond doubt that more nitrogen was being 
rendered available for plant metabolism in the soil of the spots than 
in the soil immediately surrounding them. The next question that 
arises is. What factor or factors are responsible for this apparently 
abnormal condition? Seemingly, any one or any combination of 
three possible conditions might result in the formation of more avail- 
able nitrogen in the soil of the spots: (1) The microflora of the spots 
might be more eflicient in transforming nonavailable nitrogen into 
an available form; (2) the environmental cojiditions of the microflora 
of the spots under field conditions might be more favorable; or (3) 
there might be present in the soil of the spots more nitrogen capable 
of being readily transformed into an available form. 

Almost conclusive evidence that the efficiency of the microflora of 
the tw'o samples of soil were not significantly different is furnished by 
the 1931 data secured from the samples to which cottonseed meal was 
added and which were subsequently incubated. In the presence of 
an excess of organic nitrogen capable of being readily transformed into 
the nitrate condition the soil with the most active or efficient micro- 
flora should accuinulato NO3 most rapidly. Under such conditions 
it w^as found that the average transformation of cottonseed-meal 
nitrogen into nitrate nitrogen was at the rate of 1,004.5 and 1,040.9 
p. p. m., respectively, for the G and P samples. There are certainly 
no indications in these data that the microflora of P was in any way 
less efficient than that of G. 

That the greater quantity of available nitrogen in the spots is not 
primainly due to environmental conditions is obvious from the fact 
that in samples of P and G soil incubated under identical conditions 
of moisture, temperature, aeration, etc., the differences in nitrate- 
nitrogen content in favor of the G soil were not only maintained but 
in many instances wx^re actually accentuated (the initial NO3 content 
of G being 2.59 times that of P in the 1929 series, while the NO3 formed 
in G during six weeks’ incubation was 3.39 times that formed in P). 

This leaves as the only plausible explanation a difference in the 
nitrogen content of the soils, either quantitative or qualitative. The 
quantitative total nitrogen analyses of the soil lend considerable 
support to this explanation. Of the 121 comparisons between the 
nitrogen content of P and G, the latter contained a higher percentage 
of nitrogen in 104 instances, the average difference in favor of G being 
0.0145, 0.0107, and 0.0108 per cent, respectively, for the three years. 
Evidence that the difference in the relative ability of the two samples 
to accumulate NO3 is associated with this difference in total nitrogen 
content is presented in Table 5. However, the low correlation co- 
efficient for 1929, together with the uniformly low NO3 accumulation 
in the P and high accumulation in the G samples regardless of the 
total nitrogen content, as well as the absence of a direct quantitative 
relationship between the excess total nitrogen and increased NO3 

136144--32 -2 
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accumulation (see next to last paragraph, p.l41), points conclusively 
to a qualitative as well as a quantitative difference in the nitrogen 
content of the soils. 

Field observations have led to the conclusion that the greater nuni- 
ber, though not all, of the sort of spots under study follow the deposi- 
tion of unne by grazing cattle. Cow urine, of course, contains nitrogen 
in the form of urea which can be readily transformed into nitrate 
nitrogen. If the deductions made in the preceding paragraphs are 
correct, it should be possible to duplicate these results experimentally. 
Experiments were carried out in 1929-30 and 1930-31 to see if this 
were possible. Certain of the data obtained are presented in Tables 
8 and 9. The plots were 10 by 20 feet in size. The yields on the 
check plots for 1930-31 indicat/C that nitrogen, at least when applied 
alone, was not a limiting factor in the soil on which the plots for that 
year were located. It should be noted, however, that the applica- 
tions of nitrogen, particularly urine, resulted in the production of 
plots to all appearances similar to spots, but maturity was slightly 
delayed and such plots were much more seriously injured by a severe 
late drought. From these experiments it is evident that the essential 
characteristics of typical naturally occurring spots, i. e., increased 
growth accompanied by dark-gree"n color, increased NO3 content of 
soil, increased yield, and increased protein content of the grain — can 
be produced experimentally by the application of cow urine and some 
other forms of nitrogen. 


Table 8. — Data from experimentally produced spots, 19S0 


Treatment 

Height of 
plants 

Weight 
of plants 

Nitrogen 
in plant 
material 

NO3 in 
soil 

Check _ - 

Inches 

14.0 

20.0 
20.0 

19.0 

14.0 

Grams 

19.fi 

34.1 

40.6 

33.9 

lfi.2 

Per cent 
1.440 
1.616 
1.660 
2. 270 
1.640 

P. p. m. 
12. 39 
9. 4K 
28.66 
67. 7fi 
20.21 

C8 (CN)j - 

C0(NH8)» • 

Urine 

Check 



Table 9. — Yield and protein content of grain from experimentally produced spots 


Treatment 

1 1920-30 

1930-^1 

yield per 
acre 

Protein 
In grain 

Yield per 
acre 

Protein 
in grain 

Check.., - 

Bushels 
• 14. 5 

20. 5 
19.1 1 

8.9 1 

16.6 

18.3 

9.6 

19.9 

19.3 

7.6 
20.6 

18.5 ' 

10.6 
10.6 
n.i 
26.6 

Per cent 
10.6 
12.1 
10.7 
11.1 
10.2 
16.6 
11.2 
10.4 
9.8 
10.9 
9.6 
9.8 
10.6 
10.6 
10.4 
13.0 

Bushels 

22.9 

18.9 

24.9 

23.4 
28.7 
28.6 

26.4 

28.4 
28.6 

24.6 
22.0 
23.2 

25.6 

Per cent 

11.65 
15.06 

14. 66 

11.85 
13.60 
16. 75 
11.35 

13.86 

13.26 
11.85 

14.26 
14.00 

10.66 

Urine in August, inch 

Urea in August, lio pounds per acre 

Check - - 

Cyananiid in August, 220 pounds per acre 

Urine in March, H inch. 

Check- -I 

Urea in March, no pounds per acre 

Cyanamid in March, 220 pounds per acre 

Check-. 

Urea, 66 pounds in August, 66 pounds in March 

Cyanamid, llO pounds in August, llO pounds in March 

Superphosphate (20 per cent), 300 tiouuds per acre 

Potassium chloride, equivalent K in urine 

Urea at seeding, equivalent N in urine 



Amophos (11-40-0),* 100 pounds at seeding 

35.6 

26.6 
26.9 

13.06 

12.06 
14.60 

Cyanamid, 200 pounds at seeding 



Cyanamid, 400 pounds at seeding. 







• YleM abnormally high, plot adjacent to road and subject to drainage and blowing from road. 

* Eleven per cent nitrogen, 40 per cent PsO«, 0 per cent potassium. 
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Of major interest from a practical point of view is the effect of 
such spots on the yield and quality of the pain. Inquiry among 
farmers as to the yield on such spots elicited a variety of answers, 
which may be summed up in the statement that ordinarily the 
spots outyield the field, but in occasional years the grain of the spots 
does not fill out, and hence the yield is small. The writers^ observa- 
tions bear this out. The only years for which yield data are available 
for naturally occurring spots are 1929 and 1931, when the yield 
from the spots was, respectively, 2.89 and 2.12 times that from the 
adjacent area. Data for experimentally produced spots in 1930 
show differences in yield of the same mamitude. (Table 9.) The 
years in which spots fail to outyield the adjacent areas are probably 
associated with one of two circumstances: (1) Conditions so favorable 
for NO3 formation in soil that the field at large is supplied an adequate 
quantity of nitrate nitrogen for maximum yield; or (2) conditions of 
moisture such that the quantity available late in the season is 
inadequate for the excessive demands of the heavier growth on the 
spots. 

Of almost equal importance with the increased yield is the marked 
increased protein content of the grain, both from the naturally 
occurring and from the experimentally produced spots. The effect 
of this additional available nitrogen upon the composition of tjie 
grain is evident oven in the 1931 experimental spots, where ques- 
tionable increases in yield were recorded. 

Because lodging of grain frequently occurs on soils that contain 
excessive quantities of nitrogen, it is commonly believed that excessive 
nitrogen is deleterious. In many instances no doubt it is, but during 
the past three years such has not been found to be the case in the 
type of spot under study. In order to secure concrete evidence as 
to the effect that the spots produce on the strength of the straw, 
breaking tests of the 22 samples of straw harvested for yield in 1929 
were (*onducted with the apparatus constructed by Salmon.'^ Ten 
separate tests, comprising 10 straws per test, were carried out on 
each sample. With one exception, the average breaking strength 
of the G samples was greater than that of the P samples, the average 
resistance to breaking being 37.5 per cent greater in the case of G. 

Thus far the writers’ studies have been confined entirely to nitrogen 
for the reason that this investigation is a part of the general nitrogen 
studies under way at this station. No evidence is as yet available 
to show that other elements may not have had some part in the 
production of the spots. However, applications of potassium under 
central and western Kansas conditions have been without effect 
upon the yield of wheat. Applications of phosphorus do affect 
yields, particularly in eastern Kansas. However, the thesis upon 
which this work was based is that the spots arise primarily from cow 
urine, which contains only a trace of phosphorus. Furthermore, the 
phosphorus content of the plants taken from the P and G areas 
in 11 selected fields was found to average, respectively, 0.283 and 0.269 
per cent. Neither phosphorus nor potassium experimentally applied 
alone, the latter in the same concentration in which it occurs in 
urine, gave any indication of producing characteristic spots. (Table 


« Salmon, S. C. an instetjment tor petermining the breaking strength of straw, and a pre- 
liminary REPORT ON THE RELATION BETWEEN BREAKING STRENGTH AND LODGING. JOUT. Agt. Research 
43: 73-82, illus. 1931. 
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9.) The effect of both these nutritive elements is being studied 
further. 

No effort has been made to correlate the occurrence of the type 
of spots under study with agricultural practices such as methods 
and time of seed-bed preparation. However, early and thorough 
preparation are known to be essential to an accumulation of adequate 
nitrate nitrogen for good wheat yields. The very frequent observa- 
tion that spots occur on low, heavy soils potentially rich in nitrogen — 
i. e., soils containing 0.15 to 0.20 per cent, many of which are poorly 
prepared — emphasizes the necessity of such preparation of the seed 
bed as will enable the nitrifying organisms to function properly if 
maximum jrields are to bo expected. On the other hand, the data 
given herein relative to the nitrogen content of Kansas soils (the 
most comprehensive thus far presented) show that efforts are being 
made to grow wheat upon many sods that are relatively deficient in 
nitrogen. It is upon such soils that the most striking spots are 
observed. Continuous cropping to nonleguminous crops will con- 
tinue to reduce the nitrogen level until an equilibrium is reached,® 
and its is logical to expect the spotted condition to become more 
prevalent as time goes on. The data in Table 9, together with 
much unpublished data, indicate that on many soils the use of 
commercial nitrogenous fertilizers will, under certain conditions, 
result in marked increases in yield, the conditions being a low con- 
centration of available nitrogen, unaccompanied by a deficjoncy 
in some other nutritive element. The response to such treatment 
may be expected to increase in the future. 

SUMMARY 

This paper presents the results of three years’ study of the r6le of 
nitrogen in the production of the type of spot frequently observed 
in small-grain fields in K^tisas. These spots are almost invariably 
accompanied by a higher total nitrogen content of the soil, higher 
NOa content of the soil, higher percentage nitrogen composition of 
the growing plant, higher total nitrogen absorption, higher yield of 
grain, and higher protein content of the grain. The increased total 
and available nitrogen in the soil of the spot does not appear to be 
associated with a more active nitrogen-fixing or nitrifying microflora. 
Spots identical in appearance and in quantitative measurements 
have been produced experimentally by the application of cow urine 
and certain other nitrogen-containing materials. All evidence thus 
far obtained points to the conclusion that the spots are the direct 
result of the presence of a more abundant supply of available nitrogen 
in the soil of these limited areas, particularly during the early spring 
growing period; and that this increased available nitrogen has arisen 
from a limited quantity of nitrogen, either already available or 
capable of being readily transformed into an available condition, 
finding its way into the soil, in most instances tlirough the deposition 
of urine. 

* Gainky, P. L., Sewell, M. C,, and Lathhaw, W. L. the nitrogen balance in cultivated semi- 
ABIO WESTERN KANSAS SOILS. JouT. Amer. Boc, AgTon 21 ; 1130-1153. 1929. 



NITROGEN CHANGES PRODUCED IN CERTAIN NITROG- 
ENOUS COMPOUNDS BY AZOTOBACTER AND THE 
NITROGEN FIXED IN THE PRESENCE OF THESE 
COMPOUNDS^ 

By L. G. Thompson, Jr. 

Formerly Research Fellow, Farm Crops and Soils, Iowa Agricultural Experiment 

Station^ 

INTRODUCTION 

Soils contain varying amounts of organic nitrogen, mostly in the 
form of complex organic compounds, but the amount of mineral 
nitrogen present is usually pnall. It is therefore believed that most 
soils do not contain sufficient nitrogen, either organic or mineral, 
to depress nitrogen fixation by Azotobacter to any large extent. 
As some of these complex nitrogenous (*ompounds are stimulative 
to fixation by Azotobacter, a soil rich in organic matter may be more 
stimulative to nitrogen fixation than a poor soil. 

To determine the effect of various nitrogenous compounds on 
nitrogen fixation, most investigators have measured the amount of 
nitrogen fixed in the presence of these compounds, but there has 
been comparatively little study of the nitrogen changes produced, or 
the amounts of these compounds utilized. In most of this work it 
has been found that the simple nitrogenous compounds have a 
greater depressing effect on nitrogen fixation by Azotobacter than 
the more complex amino acids and proteins. This seems to indicate 
that the simple nitrogenous compounds may be utilized to a much 
greater extent than the more complex substances, and hence, in the 
latter case, the organisms must use the atmospheric nitrogen in order 
to make a vigorous growth. There is also the possibility that the 
more complex compounds are more stimulative to growth and hence 
bring about a greater fixation. 

The purpose of the work reported here was to determine the 
utilization and the nitrogen changes produced by Azotobacter in 
various nitrogenous compounds, and the effect of these compounds 
upon the growth and nitrogen fixation of several species of Azotobacter. 

REVIEW OF LITERATURE 

Numerous investigations have been carried out to determine the 
effect of nitrogen compounds on the growth of Azotobacter and the 
fixation of nitrogen. 

Hills { 10 ) ® found that the nitrates of potassium, sodiuxn, and 
calcium increased the growth of Azotobacter, and also the fixation 
of nitrogen when the amount added was not more than 100 mg per 
100 c c of culture medium. 


1 Beoeivdd for publioation Jan. 19, 1932; iasued August, 1932. Journal Paper No. B 34 of the Iowa AgrJ< 
cultural Experiment Station. Fart of a thesis submitted to the graduate faculty of Iowa State College 
in partial fulfillment of the retiuirenionts for the degree of doctor of philosophy. 

^ The writer wishes to thank Dr. P. E. Brown for his helpful suggestions in planning the experimental 
work and in the preparation of the manuscript, and Dr. F. B. Smith for the help which he has given during 
the progress of the work. 
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Kostytschew, Ryskaltschuk, and Schwezowa {12) found that the 
addition of 15 mg of NH3 nitrogen, 24 mg of NaNOj nitrogen, or 
130 mg of j)eptone nitrogen to 100 c c of culture medium practically 
inhibited nitrogen fixation by Azotobacter agile. They also found 
small amounts of ammonia in young cultures of this organism and 
concluded that this was probably the first product of nitrogen fixation. 

Lipman {13) noted that 50 mg of potassium nitrate, or 100 mg of 
peptone per 100 c c of solution depressed nitrogen fixation by 
Aztobacter vinelandii, 

Reed and Williams {16) studied the effect of various organic 
compounds, including many which are toxic to higher plants, on the 
growth of Azotobacter and found that nitrogen fixation was only 
slightly influenced by jnost of the compounds used. In concentra- 
tions that were fatal to certain higher plants, many of the compounds 
depressed fixation only slightly. Certain of the compounds, especially 
urea, glycocoll, formamide, and allantoin at concentrations of 500 
parts per million were particularly active in depressing nitrogen 
fixation. It was suggested that this was not due to toxic effects but 
rather to the fact that the compounds were utilized by Azotobacter. 

Winters {19) observed that rapid nitrogen fixation in the soil was 
at first accompanied by a decrease in nitrate content, which was 
probably due to the assimilation of nitrates by the organisms. Appli- 
cations of 100 pounds of sodium nitrate per acre or an equivalent 
amount of nitrogen as ammonium sulphate or calcium nitrate 
stimulated nitrogen fixation. 

Zoond {20) found that increasing concentrations over 3 mg of 
nitrate, amino acid, or peptone decreased the amount of nitrogen 
fixed by Azotobacter. Sterile, unheated plant extracts increased 
nitrogen fixation when applied in moderate axnounts. 

Lohnis and Green {14) found that manure, straw, and peat stimu- 
lated nitrogen fixation when used in a synthetic culture medium. 

Murray {15) found tluit 1 per cent of plant residues when added 
to soil, greatly stimulated nitrogen fixation. When the same plant 
materials were added to sterile sand inoculated with Azotobacter 
only a slight stimulation was observed. 

Brown and Allison {2), after stxidying the effect of manure and 
various plant residues, found that the nitrogen-carbon ratios of the 
materials used were of little or no value in indicating their effects 
on nitrogen fixation. 

Greaves (7) found that soils comparatively rich in combined nitro- 
gen fixed more nitrogen than did those poorer in organic nitrogen. 

Burk and Lineweaver {3) found that the quantity of readily 
available fixed nitrogen required to inhibit nitrogen fixation by 
Azotobacter was 0.5 mg per 100 c c of solution. 

Fuller and Rettger {6) tested the effects of a large number of 
nitrogen compounds on nitrogen fixation by Azotobacter and noted 
that most of the non toxic compounds did not influence nitrogen fixa- 
tion to any great extent. Certain of the compounds such as asparic 
acid, cysteine hydrochloride, glycocoll, creatine, creatinine, and urea 
practically inhibited nitrogen fixation. 

The action of Azotobacter upon nitrogen-containing compounds 
has been studied to some extent. 

Beijeiinck and Van Delden {!) found that Azotobacter reduced 
nitrites directly to ammonia. 
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Stoklasa et al. (17) found that nitrates were reduced to nitrites and 
then to ammonia, which was then utilized probably for the building 
of amino acids and proteins. These findings were confirmed by 
Kostytschew, Ryskaltschuk, and Schwezowa {12). 

Waynick and Woodhouse, as reported by Hunt (11), observed that 
appreciable amounts of amino nitrogen were present in young cultures 
of Azotobacter. 

Halversen (5) found that the amounts of amino nitrogen increased 
with the age of the culture up to a certain point and then decreased. 
Nitrites and nitrates could not be detected at any time in vigorously 
growing cultures, provided the reagents used in making up the solu- 
tions were free from these compounds. As ammonia was always 
found in cultures during the first few days of growth, it was concluded 
that ammonia was probably the first product of nitrogen fixation. 

Fuller and Rettger (6‘) found that peptone, nucleic acid, aspartic 
acid, and gly cocoll were readily utilized by Azotobacter. Trypto- 
phane and glutamic acid were partly utilized, while tryosine was only 
slightly utilized. 

METHODS 

The medium used in these studies was nitrogen-free mannitol 
solution prepared according to the directions of Fred and Waksman 
{5). The composition of the medium was as follows: 

Mannitol JOg Manganese 8iil})hate Trace 

Di-potassiuin phosphate. 0.6 g Ferric chloride Trace 

Magnesium sulphate 2 g Distilled water 1,000 c c 

Sodium chloride 2 g 

The nitrogenous substance to be tested was added at the rate of 1 
g per liter of this medium. The reaction of the medium was adjusted 
to pH 7.4 by adding a 1 per cent solution of sodium hydroxide, and 
using brom thymol blue as the indicator. One hundred c c of this 
medium was added to each of ten 500 c c Eiienmeyer flasks, which 
were then sterilized and inoculated in duplicate with each of the fol- 
lowing organisms: Azotobacter chroococcum, A. beijerinckiij A. vine- 
landii ^ and Azotobacter No. 2, The flasks were incubated at 26° 
to 28° C. for three weeks, then transfers were made to peptone man- 
nitol agar slants to test the purity of the cultures. Any common 
contaminating organisms made a very good growth on this medium 
and could be detected readily. The various forms of nitrogen present 
in the cultures were determined as quickly as possible at the end of 
the incubation period. 

Alpha amino nitrogen was determined on 6 to 10 c c aliquots with 
the Van Slyke macro apparatus {IS). To increase the accuracy of 
the apparatus, the macro-gas burette was replaced by a micro-gas 
burette. 

Ammonia nitrogen was determined on 25 c c aliquots by the aera- 
tion method. One gram of anhydrous sodium carbonate was added to 
25 c c of the culture solution in aeration tubes, which were attached 
to similar tubes containing a known quantity of standard acid, and 
the aeration was continued for five hours. The acid was then titrated 
with standard alkali. 

* These species were secured through the courtesy of N. R. Smith, Bureau of Chemistry and Soils, IJ. S, 
Department of Agriculture. 
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Nitrites were determined by the alpha-naphthylamine snlphanilic 
acid method according to Fred and Waksmp . 

Nitrates were determined by the phenoldisulphonic acid method as 
modified by Harper (9). 

Total nitrogen was determined on 25 c c aliquots by the Kjeldahl 
method. Copper sulphate was used as a catalyst in digestion instead 
of mercury. When nitrates or nitrites were present in the solutions, 
they were reduced to ammonia according to the method of Davisson 
and Parsons (4)- Then the digestion and the distillation were carried 
out in the usual way. 

Unless it is stated otherwise, all solutions were incubated for three 
weeks. The difference in the amount of amino nitrogen in the unin- 
oculated and in the inoculated solutions is given in the tables as the 
amount of amino nitrogen utilized. 

RESULTS 

The results in Table 1 show the nitrogen changes produced after 
three weeks incubation in a solution containing 1 g of KNOa per liter. 
These results show that a large part of the nitrate nitrogen was uti- 
lized by the organisms. Only Azotobacter tnnelandii and Azotobacter 
No. 2 fixed any measurable amount of nitrogen in the presence of this 
quantity of nitrate. There was a small amount of amino acid nitrogen 
present in the solutions, indicating that the nitrate probably passed 
through this fonn as it was utilized by the organisms. 

Table 1. — Nitrogen changes produced by various organisms after three weeks 
incubation in manrntol media containing different cheinicals 

[Results are expressed as milligrams of nitrogen per lOO c c of solution for the averagesS of duplicate flasks] 

MEDIUM CONTAINING 1 G OF POTASSIUM NITRATE PER LITER 


Organism * 

Amino 

nitrogen 

Ammo- 

nia 

Nitrites 

Nitrates 

T'otal 

nitrogen 

Check 

(«) 

(“) 

(“) 

13.7 

13.8 

Azotobacter chroococcum 

KSf) 

(") 

(-) 

3.86 

13.8 

A. bHjerinckii 

1.42 

(“) 

(^) 

6. 17 

13.8 

A. vinelandii 

2.10 

(-) 

(•) 

3.03 

15. 5 

Azotobacter No.2 

2.10 

(») 

(“) 

(•) 

14.6 


MEDIUM CONTAINING I G OF AMMONIUM SULPHATE PER LITER 


Check 

1 

3.8 

21.4 

(“) 

(•) 

21.2 

Azotobacter chroococcum 

4.03 

18. 5 

(•) 

(«) 

20.8 

A. beijerinckii 

4.03 

19.1 

(“) 


20.4 

A. vinelandii 

4.74 

18.8 

(•) 


22.6 

Azotobacter No. 2.. 

3.9 

10.1 

(•) 

(4 

20.4 


MEDIUM CONTAINING 1 G OF UREA PER LITER 


Check 

Azotobacter chroococcum. 

A, bei/erinckii 

A. vineiandli 

Azotobacter No. 2 


3.38 

17.6 

12.4 

24.4 
10.1 


(“) 

(«) 

<«) 

(») 


(*) 

(«) 

s 

(-) 


47.2 

38.8 
39.6 

34.8 
48.4 


“ None, 


* Trace. 
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As there was a trace of nitrite in the culture of Azotohacter beijer- 
iTickiij it was decided to test for nitrites and ammonia after short 
periods of incubation. Sodium nitrate was used in this experiment 
as it seemed to give somewhat better growth and might therefore 
permit of the accumulation of nitrites and ammonia. 

Table 2. — Nitrogen changes produced by various organisms in, a mannitol medium 
containing 1 g of NaNCh per liter after various periods of incubation 

[liesults expressed as milligrams of nitrogen jwr 100 c c of solution for averages of duplicate flasks] 


Nitrogen in form indicated produced after incubation of-™ 


Organism 


4 days 



6 days 



8 days 


14 

days 


Ni- 

Ni- 

Ammo- 

Ni- 

Ni- 

Ammo- 

Ni- 

Ni- 

Ammo- 

Total 

nitro- 

gen 


trates 

trltos 

nia 

trates 

trites 

Ilia 

trates 

trites 

nia 

(Miock - 

13.7 

(“) 

(•) 

13.8 

(“) 

(“) 

13.0 

(“) 

(“) 

14. 02 

Azotohacter chroococcum 

12.3 

(*>) 

(") 

S. 1 

(‘) 

(0 

0.2 

(“) 

(“) 

14.07 

A. beijerinckii 

12. y 

0.02 

0.2H 

9.9 

0. 02 

0.28 

7.8 

(‘) 

0. 14 

13.94 

A.vmelandii 

12.4 

(*-) 

.50 

8.2 

.36 

1.4 

6.4 

(“) 

.14 

14. 12 

Azotohacter No. 2 

10.4 

(*) 


7.1 

.7, 


2.3 

0.02 

.42 

14.10 


The results in Table 2 show the changes produced in a solution 
containing 1 g of NaNOa per liter. There was a measurable accumu- 
lation of nitrites and animonia in the cultures, which indicates that 
the nitrates were reduced to nitrites and then to ammonia. Probably 
the reason there was not a larger accumulation of nitrites and ammonia 
was because of a rapid utilization. The total nitrogen determinations 
at the end of 14 days show no loss of nitrogen indicating that all the 
nitrates were utilized by the bacteria, or, if there was a loss, the differ- 
ence was made up by nitrogen fixation. It would seem more reason- 
able to believe that the nitrates were used in preference to free nitro- 
gen and that there was no fixation of free nitrogen during the reduction 
jirocess. In this experiment Azotohacter No. 2 did not utilize all the 
nitrate nitrogen. In some other experiments where the growth was 
somewhat better, all the nitrate was utilized in about seven to eight 
days in the case of this organism. 

The different species of Azotohacter were grown in methylene blue 
whole milk, and it was found that the organisms which reduced nitrates 
to the greatest e.xtent also reduced methylene blue in a sliorter period 
of time. 

A test was also made to determine whether they would grow on 
nitrate agar in sealed tubes. No growth occurred, while there was 
excellent growth on the check tubes, which were not sealed. Probably 
these organisms reduce nitrates in order to secure the nitrogen and not 
the oxygen. 

Nitrites added to a mannitol solution at the rate of 10 mg per liter 
were practically all reduced in two days, and after three days they 
were all reduced by these four species of Azotohacter. 

Table 1 shows the nitrogen changes produced in a solution contain- 
ing 1 g of ammonium sulphate per liter. There was no fixation of 
nitrogen except possibly in the case of Azotohacter vinelandii^ but there 
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was a slight loss of nitrogen probably as ammonia. While the figures 
for amino nitrogen include considerable ammonia nitrogen, they are 
at least comparable. The Van Slyke method gives results in the 
presence of ammoniacal nitrogen which are comparable if the time of 
making all the determinations is the same. The ammonia reacts 
slowly so that if three minutes are used for making the determinations, 
about 20 per cent of the ammonia is included in the amino nitrogen 
determinations. As all the determinations reported here were made 
in three minutes, the results are at least comparable. All the cultures 
contained less ammonia nitrogen than did the check, but more amino 
nitrogen, which indicates that there was a measurable amount of 
amino nitrogen present, especially in the cultures of A. mnelandii. 

As no nitrates or nitrites could be detected, the ammonia must have 
been used by the organisms. The growth was not very good, which 
indicates that the sulphuric acid remaining after the utilization of the 
ammonia, made the medium more acid than was favorable for the 
growth of the organisms. 

In the solution containing 1 g of urea per liter, a large amount of 
ammonia was produced which shows that all the organisms were 
very active in decomposing urea. Tests of these cultures would 
probably show the presence of a large quantity of the enzyme urease, 
which is active in changing urea to ammonia. Azotobacter mnelandii 
was especially active in changing urea to ammonia, while A. chroococ- 
cum was almost as active. There was a loss of nitrogen from all the 
cultures except Azotobacter No. 2, and in this culture there was a 
slight fixation. The quantity of nitrogen fixed was too small, how- 
ever, to be significant. There was less ammonia produced in this cul- 
ture than in any of the other cultures, so there probably was no loss 
of ammonia, or, if there was a loss, it was made up by nitrogen fixa- 
tion. There is a correlation between the amount of nitrogen lost and 
the amount of ammonia produced, e. g., the cultures containing the 
most ammonia contained the least total nitrogen. This shows that 
the nitrogen was undoubtedly lost in the form of ammonia. 

In the Van Slyke method the urea as well as the ammonia reacts 
slowly with the nitrous acid to give free nitrogen gas, so that the 
results for amino nitrogen include a part of the ammonia and also a 
part of the urea nitrogen. For this reason the figures are not given 
here. It may be stated, however, that the quantity of amino nitro- 
gen, as determined under these conditions, was very much higher in 
the inoculated than in the uninoculated cultures, which indicates that 
there may have been considerable amino nitrogen present. 

Table 3 shows the nitrogen changes produced in mannitol medium 
containing 1 g of a-alanine per liter. The only organism that used 
alanine to any extent was Azotobacter vinelandn. Azotobacter No. 2 
used a very small amount, but this amount is probably not significant. 
In the three instances where alanine was not utilized to any extent, it 
seemed to stimulate nitrogen fixation slightly. Where alanine was 
utilized, however, there was a depressing effect on nitrogen fixation. 
The amount of nitrogen fixed, both in the presence and in the absence 
of alanine, was rather low, probably because there was no calcium 
in the medium. Tests niade after this experiment was completed 
show that all these organisms will fix considerably more nitrogen in 
the presence of calcium. There was a small amount of ammonia 
produced by A, vinslandii but this may have been within the 
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experimental variation. It may also be possible that the alanine was 
decomposed to ammonia before it was utilized by the organism. 


Table 3 . — Nitrogen changes produced hy various organisms in a mannitol media 
containing various amino acids and nitrogen compounds 

[Results are e'cpresse(i>sjmilligranis>f nitrogenlperjlOO> c of solution for the averages of duplicate flasks] 
MEDIUM CONTAINING 1 O OF A-ALANINE PER LITER 


Organism 


("heck.. 

Azotobacter chroococcum . 
A. beijcrinckii. .. . 

A. vinelandii. . 

Azotobacter No. 2 


Nitrogen 

flxed 

Amino 

nitrogen 

Amino 

nitrogen 

utilized 

Ammonia 

Nitrogen- 

free 

medium 

nitrogen 

flxed 

Total 

nitrogen 


15.9 


(“) 


16.0 

2.() 

15.9 

o' 

(■>) 

i.'s' 

18.6 

J.K 

16.4 

-.5 

(a) 

1.6 

17.8 

4.0 

13.3 

2.6 

1.56 

5.7 

20.0 

ri.4 

15.5 

.4 

(“) 

3.4 

21.4 


MEDIUM (R)NTAINING 1 G OF DL-VALINE PER LITER 


Check. 


15.4 


(“) 


15.6 

Azotobacter chroococcum .. . 

0.6 

14.2 

1.2 

(“) 

1.8 

16.2 

A. beijerinckii .... 

4.3 

14.7 

.7 

f) 

1.6 

19.9 

A . vinetandii 

.1 

13. 6 

1.8 

(«) 

5.7 

15.7 

Azotobacter No. 2 

.9 

13.8 

i.O 

(“) 

3.4 

16.5 

MEDIUM CONTAINING 1 G OF DL-A-AMINO-N-BUTVRIC ACID 

PER LITER 

("heck 


14.5 


(“) 


14 6 

Azotobacter chroococcum 

0.0 

14.8 

-0.3 

(“) 

1.8 

16.2 

A. beijerinckii 

3.9 

14.8 

-.3 

(“) 

1.6 

18.5 

A, vinetandii 

.9 

12.3 

2.2 

0. 56 

5.7 

15. 5 

Azotobacter No. 2. 

2.2 

14.5 

0 

(“) 

3.4 

17.8 


MEDIUM CONTAINING 1 G OF ASPARAGIN PER LITER 


("heck . 

Azotobacter chroococcum. . 

A. beijerinckii 

A. vinetandii 

A zotobacter No. 2 . 

1.3 

.4 

.9 

.7 

11.1 

11.5 

11.6 
7.7 

10.8 

-0.4 

-.5 

3.4 

.3 

(“) 

5. 32 
5. 04 
6. 16 
3. 92 

1.8 

1.6 

6.7 

3.4 

20. 5 
21.8 
20.9 
21.4 
21.2 

MEDIUM CONTAINING 2 G OF EGG AJ 

blUJMIN 

PER LITER 


Check - - 


(“) 

(“) 

(“) 


24. S 

Azotobacter chroococcum 

3.8 

(-) 

(“) 

(-) 

1.8 

' 28. 6 

A. beijerinckii 

3.8 

{») 

(“) 

(“) 

1.6 

28.6 

A. vinetandii 

3.0 

(«) 

(») 

(“) 

5.7 

27.8 

Azotobacter No. 2 

5.3 

(-) 

(») 

(•1 

3.4 

30. 1 


MEDIUM CONTAINING 2 G OF PEPTONE PER LITER 


("heck--, - 


8.17 


(“) 


34.8 

udzotobacter chroococcum - 

2.7 

7.33 

0.84 

(“) 

1.8 

37. 5 

A. beijerinckii 

2.9 

8.09 

.08 

(») 

1.4 

37.7 

A. vinetandii 

3.0 

5.57 

2.60 

0.66 

5.7 

37.8 

Azotobacter No. 2 

2.6 

7. 49 

.68 

t 

(“) 

3.4 

37.4 


MEDIUM CONTAINING 2 G OF CASEIN PER LITER 


Check . . 


3.65 


(“) 


34.5 

Azotobacter chroococcum 

1.6 

3.49 

0.16 

(«) 

1.8 

36.1 

A. beijerinckii 

.9 

2.72 

.03 

(■*) 

1.6 

35.6 

A, vinetandii 

2.5 

2.31 

1.34 ; 

(«) 

5.7 

37.0 

Azotobacter No. 2 

2.7 

3.68 

-.03 

(*) 

3.4 

37.2 








None. 
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Table 3. — Nitrogen changes produced by various organisms in a mannitol media 
containing various amino acids and nitrogen compounds — Continued 


MEDIUM CONTAINING 1 G OF L^TYHOSINE PER LITER 


Organtem 

Nitrogen 

fixed 

Amino 

nitrogen 

Amino 

nitrogen 

utilized 

Ammonia 

Nitrogen- 

free 

medium 

nitrogen 

fixed 

Total 

nitrogen 

Check 


9.1 



:**) 


8.9 

Azotobacter chroococcurn 

12 

9.3 

-0.2 



2.b 

11.1 

A. beijerifickii - 

1.9 

9.2 

-.1 



2.2 

10.8 

A. oinelandii^- 

10.1 

7.9 

1.2 


I- 

K.ft 

19.0 

Aasotobacter No. 2.._ -.1 

3.1 

1 

9.0 

.1 


:«) 

.5.9 

12.0 


MEDIUM CONTAINING 1 G OF D-GLUTAMIC ACID PER LITER 



5.20 
..5fi 
2. 80 
(“) 

9.80 
9. .52 i 
9.91 
,5.94 
6.32 


(-) 

{-) 

(-) 

(“) 

(“) 


9.69 
14. 89 
10.25 
12.49 
9.69 

Azotobacter chroococcum 

A. beijerinckii. 

A. oinelandii 

Azotobacter No. 2,. 

2. .5 
2.2 
8.6 
.5.9 

MEDIUM CONTAINING 1 G OF DL-A-AMINO-N-VALERIO ACID 

PER LITER 

Check 


12.6 

i 

(••) 


12.40 

Azotobacter chroococcum 

2.07 

12.7 

-o.i 

(“) 

2. ,5 

14,47 

A. beijerinckii.... 

1.08 

12.9 

-.3 

(“) 

2.2 

H.08 

A.vlnelandii 

3. 3fi 

10.6 

2. 1 

(*) 

8.6 

15. 76 

A zotobacter N o. 2 ... 

3.20 

11.2 

1.4 

(“) 

5.9 

15.60 


MEDIUM CONTAINING 1 G OF DL-PIIEN VLAIANINE PER LITER 




8. 70 


(») 


8. 64 

Azoiobacter chroococcum 

3.08 

7.80 

0.90 1 

(0 

2.5 1 

U. 72 

A. beijerinckii 

2.10 

8. 60 

.10 

(«) 

2.2 j 

10. 74 

A. vinelandii.. 

8.70 

7.70 

1.00 

(•) 

8.0 1 

17. 34 

Azotobacter No. 2 

5.74 

7.75 

.95 

(“) 

6.9 j 

14.38 


« None. 


Glycocoll at a concentration of 1 g per liter was toxic to the organ- 
isms, and very poor growth was secured. The amounts of amino 
nitrogen utilized or the amounts of nitrogen fixed were very small, 
so the figures are not given here. At lower concentrations glycocoll 
probably would not be toxic and might be utilized by the organisms. 

The results in Table 3 show that where the utilization of dl-valine 
was greatest, the amount of nitrogen fixed was the smallest. The 
very small amount of the amino nitr^en used by Azotobacter 
beijerivckii was probably not significant. This seems to indicate that 
A. beijerinckii could not use the valine and hence had to secure its 
nitrogen from the atmosphere. The valine seemed to be very stimu- 
lative to its growth. In the case of the other organisms, however, 
the valine depressed nitrogen fixation, probably not because it was 
toxic, but because it was utilized in preference to free nitrogen. 

A mannitol medium containing 1 g of dl-a-amino-n-butyric acid per 
liter depressed nitrogen fixation by all the organisms except Azotobacter 
beijerinckii in which it stimulated fixation. This seems to indicate 
that it must have been toxic at this concentration to all the organisms 
except A. beijerinckii. In the case of A, vinelandiif however, the 
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depressed fixation may have been due to the utilization of the amino 
acid in preference to free nitrogen. It seems that ^1. beijerinckii can 
withstand a higher concentration of this amino acid without a toxic 
effect than is true of the other organisms. Many compounds that 
are toxic at higher concentrations are stimulative at lower concen- 
trations. The results seem to indicate that this may be the case 
with many of the amino acids, especially if they are not utilized. 

The results show that asparagin was utilized only by Azotobacter 
vinelandii and Azotobacter No. 2. In the inoculated solutions, the 
quantities of amino nitrogen were higher than they should be because 
part of the ammonia nitrogen was included in the determinations. 
As 6 c c aliquots were used in making the amino acid determinations, 
the quantity of ammonia present would be less than 1 mg, and 21 
per cent of this amount would be about 0.2 mg (the percentage of 
ammonia nitrogen when the time of making the determinations is 
three minutes). As each of these determinations was made in three 
minutes, the amount of ammonia included would be small, e. g., 
not more than 0.3 or 0.4 mg. The extra amount of amino nitrogen 
present in the cultures of A. chroococcum and A. beijerinckii over that 
of the check was about equal to the amount of ammonia included in 
the determinations. It is, therefore, believed that there was no 
utilization of amino nitrogen in the case of these two organisms. 

The amide nitrogen was readily attacked by all the organisms, 
with the production of large amounts of ammonia, which was then 
utilized by the organisms in preference to free nitrogen. This indi- 
cates that the amide nitrogen was very effective in depressing fixation. 
Tests were not made with asparic acid, but in all probability all the 
organisms except Azotobacter vinelandii would have fixed considerable 
amounts of nitrogen. 

The egg albumin stimulated nitrogen fixation by all the organisms 
exccjit Azotobacter vinelandii in which it depressed fixation. This seems 
to indicate that the egg albumin could not be utilized by any of the 
organisms except A. mmelandii. This organism may have used the 
protein in preference to fixing nitrogen, or the protein may have been 
slightly toxic. As A. vinelandii used practically every amino acid 
tested, there is good reason to believe that it used the egg albumin 
also. No amino acid could be detected in any of the ciiltures when 
the Van Slyke method was used to make the determinations. This 
indicates that the organisms were unable to break down the egg 
albumin into amino acids, or, if they did, the amino acids were all 
utilized by the end of the three weeks' period. Ammonia was not 
detected in any of the cultures. 

The peptone stimulated fixation by all the organisms except 
Azotobacter vinelandii and Azotobacter No. 2. The depressed fixation 
in these cases was probably due to the fact that these organisms used 
the amino acids in preference to the free nitrogen. A. chroococcum 
and Azotobacter No. 2 utilized a small amount of amino nitrogen, but 
A, beijerinckii used practically none. The presence of the peptone, 
howeW, seemed to stimulate this organism to fix much more nitro- 
gen. There was a small amount of ammonia produced by A. vine- 
landii, but this amount may not be significant. There was also the 
possibility that the amino acids were decomposed to ammonia and 
then utilized by A. vinelandii. 
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In a mannitol medium containing 2 ^ of casein per liter, nitrogen 
fixation was depressed in all cases, out it was depressed to a greater 
extent in the case of Azotobacter vinelandii and A. beijerinckii. This 
was probably due to the fact that these two organisms used the 
amino nitrogen instead of free nitrogen. A. chroococcum and Azoto- 
bacter No. 2 utilized practically none of the amino nitrogen, and 
fixation was only very slightly depressed. 

Because of the low nitrogen fixation secured in the previous work, 
it was decided to use calcium carbonate in the following experiments. 
The same medium was used, except that 3 g of CaCOa per liter was 
added. 

L- tyrosine was not utilized by any of the organisms exceptyl^ofo- 
bacier vinelandii^ but it seemed to have a depressing effect on nitrogen 
fixation by all the organisms except A. mnelandiif m which there was 
a slight stimulation. Although the amino acid was utilized by A. 
vinemndii f it did not depress fixation. This may be due to the phenol 
group, which seemed to stimulate this organism to a greater growth 
but was slightly toxic to the other organisms. Probably at a higher 
concentration this substance would have been toxic to A, vinelandii f 
whereas at a lower concentrationjjit^may have stimulated the other 
organisms. 

All the organisms utilized d-glutamic acid, except Azotobacter 
beijerinckiif but the amount used by A. chroococcum was very small. 
A. chroococcum fixed a large amount of nitrogen, which shows that the 
amino acid was stimulative to this organism. The amino acid was 
undoubtedly toxic to A. beijerinckiif however, as it made a veij poor 
growth. In the case of A, mnelandii and Azotobacter No. 2, nitrogen 
fixation was greatly depressed, probably because the amino acid was 
utilized in preference to free nitrogen. 

A mannitol medium containing 1 g of dl-a-amino-n- valeric acid 
per liter depressed nitrogen fixation only slightly in the case of 
Azotobacter chroococcum and A. beijerinckiif b\it it was very effective 
in depressing nitrogen fixation in the other two organisms. This 
was probably due to the fact that A, chroococcum and A, beijerinckii 
were imable to use the amino nitrogen and hence had to depend on 
the process of fixation to secure their nitrogen, whereas the other two 
organisms used the amino nitrogen as well as the free nitrogen. 

The amounts of dl-phenylalanine utilized were very small, except 
in the case of Azotobacter vinelar^Uf in which there was considerable 
utilization. The amounts used in the cultures of A, beijerinckii were 
not significant. The phenylalanine did not depress nitrogen fixation, 
and in the case of A, chroococcum there was a slight stimulation. 
Ammonia was not produced by any of the organisms. The results 
seem to show that the amino acid was stimulative to the growth 
of all the organisms except A, beijerinckii, and that in making a vig- 
orous growth the organisms used a large amount of free nitrogen, for 
th^ were unable to use any considerable amount ol the fixed nitrogen. 

Table 4 shows the amounts of nitrogen fixed in a nitrogen-free 
manmtol medium with and without 1 g of 1-cystine per liter. The 
amounts of nitrogen fixed were slightly higher in all the cultures 
containing 1-cystine than in the nitrogen-free medium. Determina- 
tions of amino nitrogen were not made, but it is thought that there 
was little or no utilization of the cystine for it was insoluble in the 
medium. 
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Table 4. — Nitrogen fixed by various organisms in a nitrogen-free mannitol medium 
and in the same medium containing 1 g of l-cystine per liter 

[Results expressed as milligrams of nitrogen per 100 c c of medium for the averages of duplicate flasks] 


Organism 

Medium 

+cystine 

Medium 

alone 

Azotohacter chroococcum . 

A. heijerinckii 

A. vinelandii. . . .. .. . 

2. 06 
2. fi2 
8.96 

2.6 

2.2 

8.0 

Assotobacter No. 2. 

6.00 

5.9 



DISCUSSION 

The results as a whole show that the simple nitrogenous compounds 
have a greater depressing effect on nitrogen fixation than do the more 
complex ones due to the fact that the simple compounds are readily 
utilized by the organisms, whereas many of 'the complex compounds 
are only slightly utilized, or in most cases not utilized at all. When 
the complex compounds depressed fixation, it was generally found 
that they were either utilized by the organisms or that they were 
toxic to growth. The amino acids contained in peptone were not 
utilized to any large extent, except by Azotohacter vinelandiij but they 
stimulated nitrogen fixation in some cases. Certain of the other 
compounds brought about a stimulation in the fixation by some of 
the organisms. D-glutamic acid was found to stimulate A, chroocoe- 
cum to a large extent, but it depressed the fixation by all the other 
organisms. Practically all the compounds tested were utilized to 
some extent by A. vinelandii, and as a result nitrogen fixation was 
depressed to a greater or less extent. Although 1- tyrosine and 
dl-phenylalanine wore found to be utilized by A. dnelandii, nitrogen 
fixation was not depressed. As these were the only instances in which 
the compounds were utilized and at the same time did not depress 
nitrogen fixation, it is doubtful whether they were utilized in prefer- 
ence to the free nitrogen. The organism used only about one-eighth 
of the amino nitrogen present but at the same time fixed from 9 to 10 
mg of nitrogen. This seems to show that these two compounds were 
very stimulative to growth, and that the organism, being unable to 
use any considerable amount of the amino nitrogen, utilized the free 
nitrogen for its growth. 

Certain of the amino acids, such as d-glutamic acid, dl-a-amino- 
n-valeric acid, and dl-valine, were utilized in part by Azotohacter 
No. 2. Azotohacter chroococcum was able to utilize some of the amino 
nitrogen in the compounds such as dl-phenylalanine, dl-valine, and 
peptone, while A. heijerinckii used some of the amino nitrogen of 
valine and casein. Of the amino acids tested, however, the number 
as well as the amount utilized by the organisms except A. vinelandii 
was exceedingly small. A. vinelandii used practically all of the amino 
acids tested, out the amounts used were rather small. 

The nitrates, nitrites, urea, and the amide nitrogen of asparagin 
were readily attacked with the production of ammonia which was then 
utilized by the organisms. A small amount of ammonia was found 
in the cultures containing certain amino acids, which indicates that 
certain of the amino acids may be decomposed to ammonia before 
they are utilized by the organisms. Other amino acids may be of 
such a structure that they can be utilized directly. 
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With very few exceptions, all the compounds that were readily 
utUized inhibited nitrogen fixation entirely. Compounds that were 
utilized with difliculty depressed nitrogen fixation usually to the 
extent that they were utilized. In a few cases these latter compounds 
depressed fixation to a greater extent, and in others they stimulated 
fixation to a greater or less degree. When the conipounds were not 
utilized, they had little or no effect or they were stimulative to fixa- 
tion. In a few instances the compounds were toxic at the concentra- 
tion used and hence greatly depressed growth and nitrogen fixation. 

Nitrates usually stimulated pigment formation, but it was possible 
to secure a good growth in a nitrate solution without pigment forma- 
tion. In fact, growth seemed to be better in cultures where there was 
no pigment formation. After pigment was formed, even in a nitrate 
solution, the growth seemed to be slower, indicating some unfavorable 
conditions. 

SUMMARY 

The nitrogen changes produced by four species of Azotobacter in 
mannitol media containing some 17 different nitrogenous compounds 
were studied. The amounts of these compounds utilized by the 
organisms as well as their effect on nitrogen fixation were determined. 

The nitrates of sodium and potassium, potassium nitrite, urea, and 
the amide nitrogen of asparagin were readily attacked with the produc- 
tion of ammonia, which was then utilized by the organisms. These 
compounds inhibited nitrogen fixation almost entirely, and in some 
cases there was a loss of ammonia. 

All the organisms tested, exce'pt Azotobacter vindandiiy utilized only 
a few of the amino acids, and where there was utilization the amount 
used was very small. A, mnelandii utilized practically every amino 
acid tested, but the amount used was not very large. Where the 
amino acids were utilized, nitrogen fixation was usually depressed. 
If the amino acids were not utilized, nitrogen fixation was generally 
either stimulated or affected not at all. The simple nitrogenous 
compounds were more readily utilized than the complex compounds. 

With the exception of Azotobacter mnelandii the organisms that 
fixed the most nitrogen when grown in a nitrogen-free medium, used 
the largest amount of nitrate nitrogen when grown in a medium con- 
taining nitrates. A. mnelandii fixed a large amount of nitrogen when 
grown on nitrogen-free medium but did not utilize quite all of the 
nitrates when grown in a medium rich in nitrate nitrogen. In the 
latter medium it fixed a small amount of nitrogen. 

Azotobacter No. 2 was able to utilize 14 mg of nitrate nitrogen per 
100 c c of medium in seven to nine days. 

Many of the complex compounds were not utilized except to a 
small extent by Azotobacter vinelandiiy and nitrogen fixation was 
usually not affected or was stimulated. 
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THE EFFECT OF THE AMOUNT OF FEED CONSUMED 
BY CATTLE ON THE UTILIZATION OF ITS ENERGY 
CONTENT' 


By H. H. Mitchell, Chief m Animal Nutrition^ and T. S. Hamilton, Associate 
in Animal NuiritioUf with the technical assistance of F. J. McClure, W. T. 
Haines, Jessie R. Beadles, and H. P. Morris, Illinois Agricultural Experi- 
ment Station 

INTRODUCTION 

The problem of assessing the value of a feed as a source of energy 
in nutntion, either in terms of net energy, total digestible nutrients, 
or other conceptions possessing an absolute rather than a comparative 
significance, is complicated })y the fact that the utilization of the 
feed energy, either in digestion or in metabolism or both, is conditioned 
to some extent by the amount of feed consumed. Considerable evi- 
dence exists in the literature proving, for rations consisting entirely 
or to a large extent of concentrates, that digestion is more complete 
at low levels of intake than at high levels. For this reason, it has 
frecpiently been noted in experiments planned so as to allow definite 
amounts of digestible nutrients to the experimental animals, these 
amounts to be estimated on the basis of average digestion coefficients, 
that the digestible nutrients actually consumed, as determined in later 
digestion trials, are considerably smaller in amount than expected. 
The reason is that many if not most digestion coefficients have been 
determined at low levels of feeding. 

The amount of food consumed has also been shown to affect the 
proportion of the food energy lost as animal heat, the so-called ‘‘heat 
increment,” or the specific dynamic, (ffi'oet. In order to alleviate to 
some extent the discomfort of experimental human subjects under- 
going basal metabolism measurements, occasioned by abstention 
from food for 12 to 15 hours, Soderstrom, Barr, and DuBois { 20 )^ and 
later Benedict and Benedict (t?) have studied the effects on heat pro- 
duction of small breakfasts containing 200 to 250 calorics. It was 
found by the former investigators that, after one hour from the time 
of eating, the effect of the small meal on heat production was incon- 
siderable; the latter investigators were not able to establish any con- 
sistent eifect of their meal on two subjects. With one subject, a 
woman, the metabolism was certainly not raised by the ingestion of 
food in two tests, even at 15 minutes after eating; in a third teat it was 
raised from 5 to 7 per cent for a period of 40 to 60 minutes. With the 
second subject, a man, in the only test made, the influence of eating 
amounted to somewhat more than 10 per cent in the first 15-minute 
period, but at the time of the next determination, 40 minutes after 
eating, basal heat production had again established itself. 

In two publications appearing in 1928 ( 9 ) and 1930 ( 10 ), Forbes 
and his associates reported the results of experiments on four steers, 
designed to measure the effect on heat production of increasing a 

1 Received for publication Oct. 9, 1931; issued August 1932. 
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constant ration of com meal and alfalfa hay, consisting of equal parts 
of dry matter from each feed, from a half-maintenance to a twice- 
maintenance or, in one case, to a thrice-maintenance level. They 
confinned the results of Soderstrom, B^r, and DuBois and of Bene- 
dict and Benedict indicating an inappreciable effect on heat production 
of the ingestion of small amounts of food. From a level of 1.5 times 
maintenance upward, the heat production curves were approjdmately 
linear, though slight depressions in the curves, of un(;ertain significance, 
occurred at different levels of feeding. The investigators themselves 
describe the curve of heat production in relation to the plane of nutri- 
tion as a reversed or S curve. However, the significance of the down- 
ward trends at the higher levels of nutrition may be questioned, both 
because they are in all cases slight and because they occur at different 
levels of feeding when noticeable at all. In steer No. 47 a slight bend 
in the curve may be noted at a level of 1.5 times maintenance, but in 
its mate, steer No. 36, this bend is hardly perceptible. For steer 
No. 57 a bend in the curve occurs at a level of twice maintenance, 
but for steer No. 60 it is deferred until a level 2.5 times the mainte- 
nance requirements is reached. 

Wiegner and (ihoneim (;^/), using a rabbit for their experiments, 
have reported an investigation of the utilization of the metabolizable 
energy of a constant ration at five different levels of intake. Only 
the highest level of feeding permitted a positive energy balance. The 
net energy of each level of food was computed as the difference between 
the energy balance of the period and the energy balance of fasting. 
The percentage net availability of the metabolizable energy decreased 
progressively from the lowest to the highest level of feeding, and the 
relation between intake of metabolizable energy and intake of net 
energy was a linear one. All data cited are expressed in terms of 
calories per square meter of body surface, and no reason or defense is 
given for this unique method of expression. 

The relation of heat production to the level of feeding at high levels 
is of considerable practical importance in animal nutrition, correspond- 
ing as these levels do to the most productive feeding. The Pennsyl- 
vania experiments throw considerable light upon this relationship, 
and the experiments to be described below are concerned with the 
same subject. They were started before the Pennsylvania work was 
published. 

DESCRIPTION OF THE EXPERIMENT 

The purpose of the experiment to be described in this report is 
much the same as that of the Pennsylvania experiments, namely, to 
determine the effect of the amount of feed consumed upon the utiliza- 
tion of its energy. Four grade Shorthorn steers, approximately 2 
years of age, were started on experiment, but since only one of them 
could be induced to consume enough feed under laboratory conditions 
to warrant continued study, the other three were soon discarded. 

It was planned to select an experimental ration solely on the basis 
of its palatability. The ration finally selected, in the amounts 
constituting a full feed as determined by the animaVs capacity to 
consume it, contained 10 kg of com, 3 kg of alfalfa hay, 250 g of 
linseed med, and 116 g of molasses. On the dry-matter basis, this 
ration contained, as the average of analyses in the five experimental 
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periods, 73.1 per cent of ground com, 24.1 per cent of alfalfa hay, 
2.0 per cent of linseed meal, and 0.8 per cent of molasses. 

The five experimental periods involve observations on the digesti- 
bility and energy utilization of this ration at levels of full feed, as 
defined above, four-fifths feed, three-fifths feed, two-fifths feed, and 
one-fifth feed. The fasting metabolism of the steer was determined 
in two additional periods. 

The chronological order of the experimental periods, their lengths 
and pertinent dates, all in the winter and spring months of 1928, are 
given in Table 1. 

Table 1 . — Schedule of experiments 


Kation fed (grains) 


Time on feed 


1 

(’’orii j 

Alfalfa 

hay 

Linseed 

meal 

Mo- 

la.sses 

Initial date 

Final date 

Days 

— — 1 

— 

. 


— 

- 1 

-- 

8,000 

2, 400 

200 

100 

Jan. 19 - 

Feb. 14 .. 

27 

10,(K)0 ! 

3,000 ! 

250 

nr. 

Feb. 17 

Mar. 11 -.j 

« 21 

6,000 i 
0 1 

1,800 

0 

150 


Mar. 20- 

Apr. 5 ; 

17 

0 

0 




4,o(X) ; 

1.200 

100 j 

.50 

Apr. 20 

May 10 1 

21 

2,000 1 
0 1 

000 

0 

50 

0 

2.5 

0 

May 11 

May 31 j 

21 




”11.. ’””___111111. ”11 

1 

,1”_' 


Colled ion period 


Initial 

Final 

Days 

(late 

date 

Jan. 30 

Fob. 12 

14 

Mar. 7 i 

Mar. n 

5 1 

Mar. 27 

Apr. 5 1 

10 

AT ay 1 

1 May io 1 

; 10 

May 20 

May 29 

10 


First dates 


Feb. 12. .. ... 

Feb. 28-29 

Mur. 30-31 

Apr. KM 7.... - 

May 2-3 

May 21-22. . .- 

June 4-5 


Days in respiration chainbcr 
Second dates i Third dates 


Feb. 3-4.... 
Mar. 1-2... 
Apr. 2-3-. . 
Apr. 17-lH.. 
May H-9... 
May 22 23. 
June 5-45. 


Feb. 13-14 

Mar. 9-10 

Apr. 5-0 

Apr. 19-20 ... . 

May 9-10- 

May 2:i-24_. . 
June 0-7. .. 


Experi- 
ment No. 


7, 8, 9. 

K). 11,12, 
13, 14, 15. 
10,17, 18. 
19, 20,21. 
22, 23, 24. 
25,26, 27. «> 


“ OtT feed on Mar. 2 to 4, inclusive. 


Fourth, fifth, and sixth days of fast. 


P]ach experimental period consisted of a preliminary feeding period 
at least 7 days in length, a period of 10 to 12 days’ duration in which 
the feces and urine were collected for analysis, and 3 clays, consecutive 
or intermittent, in the respiration chamber. The amount of feed 
consumed was kept constant tliroughout each experimental period. 
These statements do not apply entirely to the period on full feed, 
since it was found difficult to keep the steer continuously on this high 
intake. The collection period in this case was of necessity reduced 
to 5 days, and the last day in the respiration chamber was marred 
by the refusal of part of the ration. 

The collection periods in these experiments are shorter tlian those 
at times employed in metabolism work with cattle. At the Institute 
of Animal Nutrition of the Pennsylvania State College, for example, 
collection periods of 17 to 21 days are commonly used, while M0llgaard 
{ 17 ) advocates even longer periods. A 7-day preliminary feeding 
period is also considered inadequate by this investigator, although in 
the recently published experiments of Forbes and his associates, the 
preliminary feeding periods were frequently as short as 4 or 5 days. 
Judging by the results obtained at this laboratory there appears to be 
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no necessity for long preliminary periods or long collection periods in 
evaluating the digestibility or the metabolizable energy of rations 
for cattle, although in the evaluation of nitrogen or mineral balances 
characteristic of a given nutritive regime the necessity for longer 
periods seems much greater. 

The speed with which the digestive tract of the ruminant adjusts 
itself to a new feed mixture is indicated by some digestion experiments 
performed in this laboratory on two sheep and four steers, carried on 
according to the chromic oxide method of Hedin or a modified method 
in which ferric oxide was taken as the inert material. The two sheep 
were receiving daily in two feedings 2 pounds of chopped alfalfa hay. 
After a number of days on hay alone, each sheep was given in addition 
1.585 g of chromic acid, dispersed in an agar-agar jell and divided 
equally between the two feedings. The feces were collected daily 
and analyzed for dry matter and chromium. Chromium appeared 
in the feces of the first collection and increased in concentration up to 
the fourth day; from tliis time on the ratio of chromium to fecal dry 
matter maintained a level, the dispersion of the ratios for individual 
days arOund the mean of 18 days being expressed by coefficients of 
variation of 7.13 and 7.84. At the end of 18 days of feeding, the 
chromic oxide dosage was discontinued, and on the third day there- 
after chromium had practically disappeared from the feces, the con- 
centration decreasing from 0.222 to 0.006 per cent in one case and 
from 0.174 to 0.0004 per cent in the other. The experiments witii 
steers gave essentially the same results, i. e., a rapid attainment of a 
fairly constant ratio of fecal dry matter to inert metal, a maintenance 
of tliis ratio as long as the inert material was fed with a constancy of 
6 to 10 per cent (average 7.5 per cent) expressed as the coefficient of 
variation, and a rapid disappearance of the inert metal from the 
feces following its removal from the ration. 


Table 2. — Comparison of (digestion coefficients obtained in 14 ’day and in 3-day 
collection periods on alfalfa and on timothy hay 
ALKALFA HAY 


Steer No. 


1 . 

2 

3. 

4. 


Avenige.s. 


i Length of 
; collection 
j period 
I days 


14 

3 

14 

3 

14 

3 


Dry 

matter 


59 

59 
54 

60 

59 

60 



14 50 

3 51 


14 57. 0 

3 56.5 


Coefficients of digestibility 


C^rude 

N-free 

Crude 

Ether 

protein 

extract 

liber 

extract 

70 

66 

52 

60 

69 

66 

53 

52 

65 

62 1 

47 

-2 

67 

66 

45 

40 

67 

67 

54 

54 

' 69 

66 1 

56 

45 

69 

65 

46 

26 

66 

58 

42 

0 

67.8 

65.0 

49.8 

84.6 

68.3 

63.8 

48.8 

34.3 


TIMOTHY HAY 


f 14 

50 

12 

56 

53 

26 

1 3 

50 

14 

56 

53 

83 

1 14 

58 

40 

64 

61 

60 

\ 3 

56 

39 

62 

58 

53 


54 

46 

59 

53 

62 

^ 1 

63 

47 

50 

52 

54 

/ 14 i 

54.0 

82.7 

59.7 

65.7 

42.7 

mm 

53.0 

33.3 

56.0 

54.3 

46.7 
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Evidence of the same significance was obtained by the use of the 
ordinary method of determining digestibility. Four steers were fed 
in trials on alfalfa hay and three in trials on timothy hay. In each 
trial there was a preliminary period of 14 days followed by a collection 
period of 14 days. The feces of the first 3 days were aliquoted for 
incorporation into two samples, one for 3 days and the other for the 
full 14 days, and coefficients for both periods were determined. The 
results are assembled in Table 2. 

For two steers on each hajr, complete data were obtained for the 
computation of the metabolizable energy in the 3-day and 14-day 
collection periods, with the exception of methane excretion, which 
was estimated by the use of Arnisby^s factor of 4.5 g of methane 
per 100 g of digestible carbohydrates consumed. For the alfalfa 
hay the values in calories per kilogram of dry matter were 2,103 and 
2,060 for the 14-day period, and 2,075 and 2,130, for the 3-day 
period, representing differences of —1.35 and +3.00 per cent. For 
the timothy hay the values were 1,858 and 1,824 for the 14-day 
periods and 1,849 and 1,776 for the 3-day periods, the differences 
being —0.49 and —2.70 per cent. 

These data are presented, not with the idea of advocating such a 
short collection period as 3 days in digestion trials with steers, but 
in support of the general proposition that the need for long periods 
of 20 days or more is probably greatly exaggerated. The 10-day 
and 14-day periods used in the experiments reported below were long 
enough, the writers believe, to give accurate determinations of the 
metabolizable ener^ content of the rations, especially in view of 
the fact that examination of the daily records of fecal excretion re- 
vealed no marked irregularities at the beginning and end of the 
periods. The 5-day collection period on the highest level of feeding, 
necessitated by the refusal of the steer to consume this heavy ration 
for a longer time, might well be questioned were it not for the remark- 
able regularity in fecal excretion that obtained throughout. The 
daily weights of fresh feces during this period were 12.21, 12.05, 
12.81, 14.24, and 12.38 kg, avera^ng 12.74 kg. 

The respiration chamber used in these experiments (fig. 1) is of 
the open-circuit type. The principle of its construction and oper- 
ation is the same as that of the chamber at the New Hampshire 
Agricultural Experiment Station described in bulletin 240 of that 
station (7.9), and of several respiration chambers used in the study 
of human metabolism at the nutrition laboratory of the Carnegie 
Institution of Washington, located at Boston. The outgoing air is 
aliquoted according to the Benedict principle, the size of aliquot 
being determined by the size of disk through which the main portion 
of the outgoing aii* passes from the apparatus. The size of aliquot 
obtained with each disk is carefully standardized by introducing 
pure carbon dioxide into the wind chest and determining the amount 
recovered from the sampling cans. The aliquoting table (fig. 2) 
accommodates 2 trains of bottles below for the absorption of water, 
4 trains of bottles for the absorption of carbon dioxide, and 2 dry 
gas meters to measure the volume of the samples. This arrangement 
permits the taking of two simultaneous samples of chamber air. In 
this series of experiments the average difference between the simid- 
taneous 24-hour samples of CO 2 was 1.16 per cent, 65 per cent of the 
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differences being less than 1 per cent and 85 per cent being less than 
2 per cent. 

The Illinois apparatus differs from the New Hampshire apparatus 
mainly in the construction of the chamber. In the Illinois apparatus 



Figure 1.— General view of respiration chamber with cover up 


the chamber consists of a base supporting a heavy iron stall frame- 
work, with a stanchion and a manner, containing a water trough 
wMch may be filled from the outside. A water seal completdy 
surrounds the base of the chamber, and receives the heavy metal 
box constituting the walls and ceiling of the chamber and containing 
at the front an opening guarded by a cover sunk in a water seal 
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through which feed may' be dumped into the manger. To admit the 
steer the metal box is raised to the ceiling of the room 14 feet from 
the floor by a system of ropes and pulleys, the process being facilitated 
by counterweights concealed in the four metal posts located at tlie 
four corners of the chamber. The reverse process secures the steer 
in an air-tight chamber from which connections are made with the 
incoming air pipe leading through the roof of the room to the outside, 
and with the outgoing air pipe leading to the wind chest on the 
aliquotiiig table. The ventilating fan is located at the exit opening, 
while another smaller fan at the upper front end of the metal box 
circulates the air in the cliarnber and prevents the formation of a 



Fnii’KK 2.— Aliquoting u.sed with res[)irution clminber 


dead air pocket. The volume of the chamber when containing a 
l,()00-pound steer is 0,581 liters. 

The chamber is lighted electrically and contains a thermometer, 
a hygrometer, and a work adder attached to the movable platform on 
whicdi the front feet of the steer rest. All of these instruments may 
be read from the glass window in the side. A pneumograpli attached 
to the movable platform and extending through the base to the 
necessary recording arrangements supported on a shelf over the 
aliquoting table, permits the taking of a graphic record of the up and 
down excursions of this platform, measuring, albeit roughly, the 
activity of the steer. The chamber also contains an automatic 
(levice that rings a bell whenever the steer changes his position from 
standing to lying or the reverse. 

The base of the chamber contains openings for the collection of 
feces and urine in a basement beneath, the former in a metal container 
suspended from the base and connected with it through a water seal, 
the latter in a brass cylinder into which the urine hose extends and 
from which the urine flows, through a water seal, into a glass carboy. 
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The apparatus itself permits of the continuous determination of 
the carbon dioxide produced by the steer. This was effected in six 
4-hour subperiods. In order to determine the respiratory quotient, 
a continuous sample of air was taken at a constant rate from the 
outgoing air ijipe and stored for each 4-hour subperiod in a gasometer 
with a capacity of approximately 100 1. Each sample collected in 
this fashion was tlien analyzed for carbon dioxide and oxygen in a 
Carpenter-PIaldane analyzer (8). In addition, samples of air were 
taken during a 10-minute interval at the start of the experiment and 
at the end of each subperiod in order to determine the carbon dioxide 
content of the chamber to be used in computing the CO 2 production 
for the subperiods. The gas analyzers were decked each daj by 
analyses of outdoor air and were not used until the results obtained 
fell within the limits 0,030 ±0.003 for CO 2 and 20.940 ±0.005 for O 2 . 


Table 3. — The ratio of methane produced to digeatible carbohydrates consumed 
by steerSf at various levels of feeding^ from the published experimental data of the 
Institute of Animal Nutrition^ Pennsylvania State College 


Plane of nutrition 


•Maintenance— 


1.5 maintenance.. 


2.0 maintenance 


2.5 maintenance.. 


3.0 maintenance.. 
0. 5 maintenance.. 


Methane 

produced 


Grama 

79.6 

95.3 

108.6 

111.0 

119.4 

109.8 

125.7 

124.1 


111.4 

133.6 

140.9 

138.0 


156.3 

175.0 

183.2 

162.5 


188.; 
219. ( 


230.4 

62.0 

62.3 
55.8 

55.3 


Methane 
per 100 g. 
digestible 
carbohy- 
drates 


4.51 
4.96 
4. 01 
4. 76 
5.14 

4.95 
5.03 

4.96 

4. 86 

’ 4 . 32 
4.60 
4. 13 
4.24 

4. 32 


4.54 
4. 67 
4. 19 
3.92 


4.19 

4.56 


4.37 


5. 41 
5. 42 
6.30 
5.36 


6. 37 


Steer No. 


60., 

57. 

47. 

36- 

57. 

60. 

47. 

36. 


A vorage . 


67. 

47. 


60- 

57. 

47. 


60. 

57 


Average. 


Average. 


47. 

36.. 

57. 

60. 


Average. 


Period 

No. 


Average - 


nation 


•Alfalfa+com. 


Alfalfa alone. 


Alfalfa -fcorn. 


Alfalfa+com.. 


|.\lfalfa+com- 


Alfalfa-f corn.. 
— do 


In each respiration experiment the steer was put into the chamber 
at 8 a. m., at which time one-half of the day^s feed was put before 
him in the manger. The ventilation was not started until 8.15, in 
order that the carbon dioxide content of the chamber might reach, 
approximately, the level maintained thrppghout the day. When 
the ventilation was started a sample of air was taken for analysis of 
O02‘ The other half of the day's feed was given at 4 p. m. The 
steer was given measured amounts of water after each feeding. 
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During the entire experiment two men were always in attendance, 
and every half hour they recorded the temperature and humidity in 
the chamber, the position of the steer, the reading of the work adder, 
and the reading of the gas meters. 

The methane content of the outgoing air was not determined. In the 
computation of the metabolizable energy content of the rations, the true 
carbon dioxide and oxygen content of the chamber air, and the heat pro- 
duction of the steer, the production of methane was estimated from the 
intake of digestible carbohydrates. Armsby has recommended a factor 
of 4.5 g of CH4 per 100 g of digestible carbohydrates. However, in 
view of the fact that the level of feeding differed widely in the different 
experimental periods and that the metliane production per unit of 
digestible carbohydrates may be presumed to vary with the level of 
feeding, especially at low levels, the relation of this factor to the level 
of feeding was investigated from the recently published experimental 
data of Forbes and his associates (.9, 10 ). In Table 3, computations 
of the ratio of methane produced to digestible carbohydrates con- 
sumed, made from the Pennsylvania data, have been summarized. 

It appears from the computations that the ratio is not subject to any 
appreciable change from levels of feeding ranging from 1.5 to 3.0 times 
the maintenance level. At the lower levels of feeding, hoAvever, the 
ratio increased considerably. Therefore, for the ])eriods in the present 
experiment involving full feed, four-fifths feed, and three-fifths feed, the 
writers have continued to use the factor of 4.5 g of methane per 100 g 
of digestible carbohydrates in preference to a lower factor of 4.3, favored 
by the data in Table 3, since it is based upon somewhat more (^ta and 
since the difference between the two factors is inappreciable in its effect 
on the calculations in this experiment. Since the two-fifths full feed 
level proved to be close to a maintenance ration, a factor of 4.85 g of 
methane per 100 g of digestible carbohydrates was used in this period, 
and a factor of 5.5 g was used in the one-fifth full feed ])eriod. 

RESULTS OF THE EXPERIMENT 

THE BODY WEIGHTS OF THE STEER 

The body weights of the steer at the beginning and end of each 
collection period and at the time of each confinement in the respira- 
tion chamber are given in Table 4. Each weight given is the average 
for three consecutive days. When respiration experiments were 
undertaken on three consecutive days, only two average weights are 
given, one for the morning on whicli the steer entered the chamber 
and the two preceding mornings, and the other for the morning on 
which the steer left the chamber and the two following mornings. 


Table 4. — Body weights of the steer in kilograms at beginning and end of each 
collection period and at time of each confinement in the respiration chamber 


1 

[ ('olleetion period ’ 

1 Respiration experiments 

Plane of nutrition 

Initial 
weight » 

Final 
weight • 

First 
weight « 

Second 
weight « 

Third 
weight « 

Four-fifths full feed 

582.0 

594.2 

591. 6 

586. 1 

597.4 

Pull feed 

011.5 

022.8 

621.4 

625.5 

622.3 

Three-fifths full feed- 

624.2 

627. 3. 

624.6 

1 632.8 

627. 3 

Fasting 

632.3 


623. 7 

Two-filths full feed 

’"'’eio.! 

015.1 

614.6 

607.8 

616.1 

One-flRh full feed— 

604.8 

688.8 

604.6 


699.7 

Fdstlng 

603.3 


602.4 




' 


• Saoh weight given represents an average for 3 consecutive days. 
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THE DIGESTIBILITY OF THE RATION AT DIFFERENT LEVELS OF FEEDING 

The complete data relating to the calculation of the digestion 
coefficients of dry substance, crude protein, nitrogen-free extract, 
crude fiber, and ether extract are assembled in Table 5. To facilitate 
comparison, the coefficients have been summarized in Table 6. Table 
7 gives the average composition of the feeds used. 

Table 5. — The calculation of digestion coefficients of various ration constituents at 
different levels of feeding 




FULL 

FEED 







Direct 

1 

Dry sub- 

C''rude 

N-free 

t’rude 

Ether 



weight 

stance 

protein 

extract 

fiber 

extract 

Alfalfa - - 

- grams.. 

3,000 

2,761 

426 

1,215 

786 

105 

Corn 

do - 

10,000 

8,159 

787 

6,663 

223 ! 

363 

Linseed meal.. 

do 

250 

228 

02 

1 

20 

11 

Molasses 

do 

116 

81 

Tj 

66 











Total- 

do.... 


11,229 

1,313 

8,035 

1,029 

479 

Feces 

do-... 

12, 7:19 

2, 954 

463 

1,572 

512 

190 

Nutrients digested 

do.. - 


8,275 

850 

6, 463 

517 

289 

Digestibility 

per cent-- 

1 

73.7 

64.7 

80. 4 

50.2 

60.3 


FOUR-FIFTHS FULL FEED 


Alfalfa 

Corn - 

Linseed meal 

Molasses 

grams. . 

- do 

do 

2,400 
8,000 ! 
200 ! 
100 1 

2,200 

6,514 

182 

70 

1 

335 1 
655 
73 

1 

I 966 

5,250 
72 i 
57 i 

624 

24.3 

17 

58 

266 

10 



i 



Total- 

do — 

! 

8,975 

l.iXW j 

6,345 

884 

334 

Feces 

do . - 

1o’879"!~ 

2,:ioo 1 

409 ; 

1, 102 

i 506 

101 

Nutrients digested 

do. . . 

; 

6.675 ; 

659 

5,24;i 

82.6 1 

378 

233 

Digestibility ... 

l)er cent-. 

j 

74.4 

01.7 

42.8 

69.8 


THREE-FIFTHS FULL FEED 


Alfalfa 

grams.. 

1,800 

1,627 

244 

694 

507 

50 

Corn 

- do 

6,000 

4,990 

465 

4,100 

151 

205 

Linseed meal 


150 

136 

55 

56 

12 

8 

Molasses 

do 

76 

53 

3 

43 








Total 

^ ^.,do 


6,806 

767 

4,802 

670 

263 





Feces 

do 

7,440 

1,552 

5,254 

77.2 

315 

709 
4,183 
85. 5 

306 

364 

54.3 

72 

191 

72.6 

Nutrients digested 

do 

452 

Diffestibilitv 



68.9 




TWO-FIFTHS FULL FEED 




Alfalfa 


1,200 

4,000 

100 

1,115 

3,402 

92 

172 

320 

36 

482 

2,763 

37 

318 

120 

8 

45 

154 

5 

Corn 


Linseed meal 

do 

Molasses 

do 

50 

35 

2 

29 









Total 

do... 


4,644 

530 

3,301 

446 

204 





Feces 

do — 

4,167 

888 

196 

336 

212 

40 

Nutrients digested 


3,766 

80.0 

334 

63.0 

2,965 

80.8 

234 

52.5 

164 

80.4 

Digestibility 
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Table 5. — The calculation of digestion coefficients of various ration constituents at 
different levels of feeding — Continued 

ONE-FIFTH FULL FEED 


Item 


Direct 

weight 

Dry sub- 
stance 

Crude 

protein 

N-free 

extract 

! 

1 Crude 
• fiber 

Ether 

extract 

Alfalfa - 

— grams. 

600 

549 

06 

229 

! 154 

13 

Corn 

do ... 

2, (XK) ; 

1,710 

156 

1,386 

1 65 

76 

Linseed meal 

do — 

60 

46 

18 : 

19 

1 4 

2 

Molasses 

do — 

26 1 

18 

1 

14 

I 


Total - -- 



2,323 

' 

271 

1,648 

1 223 

91 

Feecs-. — — 

do-. 

1,73^ 

373 

87 

121 

1 86 

14 

Nutrients digested 

- do 


l.W.'iO 

184 

1.527 

137 

77 

Digestibility - 

--.percent- 


Kl.O 

67.9 

92.7 

61.4 

84.6 


Table 6 . — Mammary of digestion coefficients (per cent) of various ration constituents 
at different levels of feeding 




Dry sub- 

Crude 

N-free 

t.^rude 

Ether 




stance 

protein 

extract 

fiber 

extract 

Full feed-... 



73.7 

64.7 

80.4 

rrf). 2 

80.3 

Four-fifths full feed... 



74. 4 

61.7 

82.6 

42.8 

69.8 

Three-fifths full feed . .. 

.. 


77.2 

58. 9 

85. 5 

54. 3 

72.6 

Two-flftbs full feed 



80.9 

63. 0 

89.8 

52. 5 

.80.4 

One-fifth full feed 



as. 9 

67.9 

92.7 

61.4 

84.6 

Table 7. — Average percentage chemical composition of feeds used 



Dry sub- 

Oude 

N-free 

Crude 

Ether 


Gross 


stance 

protein 

extract 

fiber 

extract 


energy 








Calories 

Alfalfa hay 

91.79 

14. 42 

.39. 53 

26. 52 

2.94 

8.37 

per yravi 
3.97 

('orn - 

83.35 

7. 92 

67. 75 

2.80 

3. 60 

1.28 

3.68 

Linseed meal. 

91. 23 

36. 49 

36. 81 

7. 93 

4.81 

5. 20 

; 4.31 

Molasses. 

70. 26 

4.51 

57. 13 



8.62 

2.64 










The lowest level of feeding was associated with the most complete 
digestibility of all nutrients. However, there was a progressive 
decrease in digestibility from the lowest to the highest ration only 
in the case of nitrogen-free extract, ether extract, and dry substance. 

THE METABOLIZABLE ENERGY AT DIFFERENT LEVELS OF FEEDING 

The computation of the total metabolizable energy consumed at 
the different levels of feeding is given in Table 8. The usual cor- 
rection of the energy loss in the urine to a condition of nitrogen 
equilibrium has been made on the assumption that each gram of 
nitrogen retained by (or lost from) the body would on excretion in 
the urine (or retention in the body) carry with it 7.45 calories of 
nonmetabolizable energy. The metabolizable energy values thus 
obtained more nearly represent the actual content of metabolizable 
energy in the rations consumed. The nitrogen balances upon which 
this correction is based are given in Table 9. 
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Table 8 . — Calculation of the metabolizable energy^ in Calorie8f of the ration at 
different levels of feeding 



Gross energy of feeds consumed 

i 

Energy of urine 



Plane of nutrition 

Alfal- 
fa hay 

Lin- 
Corn seed 
meal 

Mo- 

lasses 

Total 

Elncrgy 
of feces 

Ob- 

served 

Correc- 
tion to 1 
nitro- 
gen 

cquilib-i 

rium« 

Cor- 

rect- 

ed 

Ener- 

meth- 

ane 

Total 

metab- 

oliza- 

ble 

energy 

Full feed — 

Four-flfths full feed. . . 

Throe-fifths full feed 

Two-fifths full feed 

One-fifth full feed 

12.03G 
9, 70« 
(i, 934 
4,808 
2,368 

3f).880 1,072 
28. 896 849 

21, 876 6.50 

15.a32 436 

7, 598 216 

307 49, 29.5 
264 39,7171 
198 29, 658, 
13220,4081 
66 10. 2481 
1 

1 

14, 038 
11.020 
7, 343 

1 4,209 

1, .564| 

861 

729 

648 

503 

319 

-f326 

-1-278 

+56 

+64 

1,187 

1,002 

604 

.567 

277 

4, 189 
3, 375 
2,720 
2,009 
1,220 

29,881 
24, 320 
18, 982 
13, 503 
7, 187 


<* uainiiutrn kivc-u lu l uiiic a. 

Table 9. — The daily nitrogen balances (grams) of the steer at different levels of 

feeding 


Plane of nutrition 

Nitrogen 
in feed 

N i trogen N i trogen 
in feces in nnne 

Nitrogen 

e.\creted 

Nitrogen 

balance 

Full feed 

210. 21 

74.19 92.31 

166. .50 

+43. 71 

Four-fifths full feed — 

170. 78 

65. 45 68. 72 

! 134. 17 

+36. 61 

Three-fifths full feed 

122. 75 

50. 43 64. 59 

115.02 

+7. 73 

Two-fifths full feed 

84. 86 

31.41 44.84 

76. 25 

+8. 61 

One-flfth full feed-.------ 

43.41 

13, 98 35. 02 

49. 00 

-.5. 59 







A further study of the losses of nonmetabolizable energy and of the 
metabolizable energy remaining is permitted from tlie data summar- 
ized in Table 10. In particular, it is important to note that the 
metabolizable energy per kilogram of dry matter consumed, as well 
as the percentage metabolizability of the gross energy, increases pro- 
gressively from the higiiest to the lowest level of feeding, the former 
from 2,661 Calories to 3,094 Calories, and the latter from 60.61 per 
cent to 70.14 per cent. However, when the metabolizable energy is 
computed to a kilogram of digestible nutrients, all effect of the level of 
feeding disappears. 
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In view of the fact that the methane production was estimated, not 
directly determined, in this experiment, it is worthy of note that the 
energy lost as methane amounted to only 8.5 to 11.9 per cent of the 
gross energy consumed. Hence, even a considerable percentage error 
in the estimation of the methane production may exert only an in- 
appreciable error on the computation of the metabolizable energy 
values. 

THE ENERGY METABOLISM OF THE STEER 

The results of the respiration experiments have been assembled in 
Table 11. The average respiratory quotients have been obtained 
from the average gas analyses of air samples collected in the six sub- 
periods, after correction for the estimated methane content of the 
chamber air. The volume of oxygen consumed was obtained from 
the volume of carbon dioxide produced and the respiratory quotient. 



Table 11. — 

■The resulta of the respiration experiments 






Chamber 

('ihamber 



Carbon diox- 



Live 
weight 
of .steer 

Dry 

temperature 

humidity 

Hours 

age. re- 

idc produced 

Oxy. 

Uato of 

matter 





stand- 

spira- 



gen 

pxperiinont 

con- 





ing out 

tory 



con- 


.sumod 

Aver- 

age 

Range 

Aver- 

age 

Range 

of 24 

<lUO- 

tient 

Grams 

Liters 

sumed 


Kilo- 




Per 

Per 





, 


grams 

Grams 

“ C. 

^ a 

cetfl 

cent 





Liters 

Fob.2S-29 .... 

621. 4 

1 1, 229 

22.9 

21.5-25.0 



14. 33 

1.16 

8,692 

4, 42,5 

3, 815 

Mar. J-2 

625. 5 

11,229 

21.6 

21. 0-22. 2 

93 

81-98 

12. 13 

1. 12 

8, 194 

4, 172 

3, 72.5 

Mar. 9-10 

622, 3 

all, 229 
8,976 
8,976 
8, 976 

21. 1 

18.9-22.2 

95 

90-98 

J3. 72 

1.11 

7. 863 

4, 003 
3, 087 

3,606 

Feb. J-2 - 

691,5 

23.7 

22. 5-24. 6 


16. 55 

1.14 

7,242 

3. 234 

Fob. 3-4 

586, 1 

24.5 

23. 0-24. 8 

:: ... 


12. 82 

1.11 

6, 786 
7,051 

3, 456 
3, 590 

3, 113 

Feb. 13-14 

597, 4 

22.8 

21.8-23.5 


.. . 

15. 47 

1.12 

3, 205 

Mar. 30-31 

624.6 

6, 807 

18.6 

17.2-20.0 

89 

77-99 

16. 85 

1.03 

6, 137 

3. 124 

3, 033 

Apr. 2-3.. 

632, 8 

' 0, 807 

23.1 

21.6-2.5.0 

93 

87-97 

8. 27 

1.08 

5, 789 

2, 947 

2, 729 

.\nr. 5-6 1 

627. 3 

! 6,807 

1 4,644 
[ 4,644 

22.8 

22. 2-23. 3 

95 

89-99 

12.87 

1.04 

6, 124 

3, 118 

2,998 
2, 543 
2,665 

May 2-3 

6(4. 6 

22.8 

21.6-25.5 

8.3 

71-92 

11.38 

. 95 

4, 745 
4, 887 

2,416 

May 8-9 1 

607.8 

22.8 

21. 1-2.5. 6 

76 ! 

66-87 

11.35 

.97 

1 2,488 

May 9-10 j 

61.5,1 

4,644 

23.9 

22. 2-26. 7 

87 1 

78-9.3 

11.98 

.98 

4, 968 
.3, 574 

i 2, 529 

2,681 

May 21- 22. _ ...I 

604.6 

i 2, ,323 

25. 6 

21.8-27.2 

86 i 

1 a3-S«) 

13. fO 

.87 

1,820 

2, 092 

May 22-23. . ... 


2, . 32:3 

23. 3 

21.6-25.0 

85 ; 

: 81-88 

11. 10 

.88 

3, 436 

1, 749 

1,988 

May 2.3-24 

599. 7 

1 2,323 

1 0 

22.8 

21. 1-25. 0 

80 

: 79-84 

11.35 

.89 

3, 491 

1, 777 

1,997 

.\pr. 16-17, 

632. 3 ! 

20.0 

17. 2-21. 6 

72 

66-78 

12.43 ! 

.70 

2, 887 

1,470 

2, 100 

Apr. 17-18 


1 0 

20.6 

20.0-21.1 

93 i 

i tK)-96 

9.03 1 

.71 

2, 801 

1,426 

2,008 

Apr. 18-19 ... 

623. 7 

0 

21.6 

20. 6-22. 8 

91 1 

89-94 

9. .35 

.71 

2,761 

1, 406 

1,980 

.Tune 4-5 i 

603. 3 j 

i 0 

20.6 

20. 0-21. 1 

97 ! 

1 94-100 

12. 68 

.69 

2, 765 

1,408 

2,011 

Juno 5-6 1 


0 

21. 1 

20. 6-22. 8 

95 1 

91-97 

12. 62 

.68 

2, 711 

1,380 

J, 971 

June 6-7 

"cm 4*1 

0 

21. 1 

20.0-21.6 

95 1 

1 92-98 

13. 30 

.68 

2, 717 

1, .383 

1,976 




i 







» Con.si(lerab]o fued was refused on this day. 


In Table 12 the respiratory quotients of the six subperiods in each 
experiment are given. The gas analyses at the lowest plane of nutri- 
tion were in error in a large portion of the cases, although at least one 
good respiratory quotient was available for each experimental sub- 
period of four hours. The average respiratory quotient for the day 
at this level was estimated as accurately as possible from the reliable 
analyses available, supplemented by information concerning the CO 2 
content of the chamber air obtained from the continuous gravimetric 
determination of carbon dioxide on the aliquoting table and the total 
volume of air withdrawn from the chamber. 

It is evident from the values given in Table 12 that (1) at the two 
highest levels of feeding the respiratory quotient was continuously 
greater than 1, (2) at the level of tliree-fifths full feed the quotient 
was above 1 for approximatelv eight hours after each feeding, (3) at 
the level of two-fifths full feed a quotient greater than unity did not 
obtain for more than four hours after feeding, and (4) at the lowest 
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level of feeding no quotients greater than unity were observed, al- 
though such quotients may have obtained for a short period after 
feeding. At all levels of feeding except the lowest, the respiratory 
quotient for the first four hours after feeding was higher than for any 
other period, and progressively decreased at the higher levels of 
feeding, less clearly at levels lower than these. 

Table 12 . — The respiratory quotients obtained during the six snbperiods in each 
experiment^ together with the average quotients for the day 


Respiratory quotient durint; indi- Total respiratory quo- 
oated hoiir.s after feeding tients for the day 


TMane of nutrilion 

Kxperi- 

meut 

No. 

lto4 

4to8 

1 to 4 

4 to 8 

8 to 
12 

12 to 
16 

• Ob- 
served 

('or- 

rectod 

for 

meth- 

ane* 

(Cor- 
rected 
to com- 
plete 
oxida- 
tion ft 



1.19 

1.13 

1.22 

1.09 

1.08 

1.04 

1. 13 

1. 16 

1.05 

FiilHeod.... 

1 

I.IH 

1.04 

1.13 

1. 10 

1.08 

1.02 

1.08 

1.12 

I.OI 


12 

1.06 

1.09 

1.10 

1.09 

1.03 

1,00 

1.08 


l.no 

Average 


1.13 

1.09 


1.09 

1.06 

1.05 

1. 10 

1.13 

1.02 


1 7 

1.16 

1.09 

1. 14 

1.10 

1.05 

1.10 

1. 11 

1. 14 

1.03 

Four-flfthfi full feed 

8 

1. 16 

1.04 

1.20 

1.04 

j.o.'-. 

l.(H) 

1.08 

1. 11 

i.OI 


1 9 

1.13 

1.08 

1.21 

1.06 

1.05 

.09 

1.09 

1.12 

1.02 

Average 



1.15 

1.07 

1. 18 

1.07 

1.05 

1.03 

1.09 

1. 12 

J.02 


1 13 

.97 

1 l.()5 

1.12 

.99 

.96 

.97 

1.01 , 

1.03 

.06 

Three-flfths full feed — 


1. 12 

1.01 

1. 17 

1.00 

1.04 

.95 

1.05 , 

1.08 

.99 


1 16 

1.01 

1.04 

1.09 

1.03 

.98 

.96 

1.02 ; 

l.(M 

,96 

Average 

1 

J.03 

1.03 

.1.13 

1.01 

.99 

.96 

1.03 ' 

1.05 

.97 


19 i 

.95 

'ToT 



.85 

.9fr 

. 93 j 

.05 

.89 

Two-flfths full feed 

20 ! 

.92 

.98 

1.10 

.85 

.88 

. 95 

.95 

.07 

.01 


21 1 

1. 17 

.92 

1.03 

.89 

.90 

.80 

.96 1 

.98 

.92 

Average...- 

1 1. 01 

.96 

1.06 

.88 

.88 { .93 

.05 : 

.97 

.01 


1 .22 



.90 

.90 



.86 1 

.87 

.84 

One-fifth full feed 

*28 

.87 

.87 

.91 

.91 

.83 


.87 1 

.88 

.84 


1 24 



.93 

.95 


.81 


.89 

.85 

Average 

. ... 

.87 

.87 

.01 

.92 

.83 

.81 

.87 i 

] 

.88 

.84 


« Gas analyses corrected for presence of methane. 

ft Assuming that the methane had been oxidized to COj and U 2 O. 


The average respiratory quotients for the 24 hours were, in the 
order of decreasing levels of feeding, 1.10, 1.09, 1.03, 0.95, and 0.87. 
However, those quotients are to some extent in error, because of the 
methane production. The oxygen deficit in the chamber air can not 
be estimated accurately in the presence of appreciable quantities of 
methane without making due allowance for the latter; the CO 2 excess 
in the chamber air is not appreciably affected by the presence of 
methane in the concentration produced. From the estimated day^s 
production of methane, based as explained above on the intake of 
digestible carboWdrates, the following volumes of methane produced 
for each liter of CO 2 were estimated, in the order of decreasing levels 
of feed intake, i. e., 0.0932, 0.0881, 0.0831, 0.0779, and 0.0639 liters. 
The average percentages of OO 2 in the expired air for 24 hours were, 
in the same Order, 0.614, 0.534, 0.455, 0.387, and 0.305. From these 
two types of data the average percentages of methane in the chamber 
were estimated to be as follows, in the order of decreasing levels of 
feeding: 0.056, 0.046, 0.038, 0.030, and 0.019. The methane correc- 
Itiop qf the observed gas analysis values diminished the uncorrected 
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oxygen deficit in the expired air and increased the average respiratory 
quotients from the average values given above to the following 
average values, given in the usual order: 1.13, 1.12, 1.05, 0.97, and 
0 . 88 . 

However, these respiratory quotients are not usable in the com- 
putation of heat production, since they do not correspond to complete 
oxidation of the food nutrients. To obtain usable respiratory quo- 
tients, the observed volumes of CO 2 produced and O 2 consumed must 
be increased by the volumes of these gases involved in the complete 
oxidation of the amounts of CH 4 estimated to have been produced. 
This has been done in computing the respiratory quotients given in 
the last column of Table 12 . The heat production per 24 hours was 
estimated from the volume of oxygen consumed (Table 11 ) plus the 
volume of o.xygen required to oxidize the methane formed. If the 
average respiratory quotient for the day, computed with reference 
to complete oxidation, was above unity, tho heat equivalent of the 
oxygen was taken as 5.047 Calories per liter, the value for a respiratory 
quotient of unity. To allow for the heat evolved in the conversion 
of carbohydrates to fats, as indicated by a respiratory quotient above 
unity, the excess of CO 2 produced over the O 2 consumed was con- 
sidered to represent an extra heat output of 0.803 Calorie per liter,® 
a factor that Lusk has computed from the equation of Bleibtreu for 
the conversion of glucose to fat. The heat production for the day 
was considered to be given, following the method of Anderson (f), 
by the sum of these two quantities of heat minus the heat of com- 
bustion of the methane produced. If the average respiratory quo- 
tient for the day was less than unity, the heat equivalent of the 
oxygen consumed plus that required to oxidize the methane was de- 
termined from the well-known tables of Lusk { 14 )> and from the heat 
thus computed was deducted the heat equivalent of the methane. 

It is interesting to consider the effect of these corrections for the 
production of methane and for its presence in the chamber air upon 
the computation of heat production. The average percentage errors 
incurred by a neglect of these corrections would be, for the different 
levels of feeding, +5.35, +4.87, +5.08, +5.63, and +2.04. The 
two corrections above described are of about equal importance in 
their effect upon the final computations. 

In the method of computation just described the protein metab- 
olism is entirely neglected, the total respiratory quotients being 
given the significance of nonprotein respiratory quotients in the de- 
termination of the caloric equivalent of each liter of oxygen consumed. 
There is a method in somewhat common use for making allowance 
for protein in these calculations by the use of certain correction fac- 
tors, by which the CO 2 and heat produced in protein metabolism and 
the oxygen consumed are estimated from the nitrogen excreted in 
the urine. By using these factors, a nonprotein respiratory quotient 
may be computed in each respiration experiment. 

3 In the fourth edition of Lusk's book The Science of Nutrition m, p. 896) a recalculation of this factor 
has been made, leading to a value of 1.09 calories per liter of COs produced in the transformation of carbo- 
hydrate to fat. The writers' attention was called to this revision after all the calculations given in this 
paper were completed. When it was ascertained that the new factor would occasion an entirely insig- 
nmeant change in the values for total heat production, less than 100 calories and generally considerably 
less, the task of making this revision was not undertaken. This method of evaluating the neat produced 
in the conver^n of sugar to fat Is based upon a hypothetical equation of Bleibtreu, and its validity is 
not universally admitted among investigators in animal and human calorimetry, it is an attempt to 
evaluate the maximum production of fat from sugar, and a number of other equations, involving different 
energy relations, have been proposed. It seems impossible to .^lect the most probable equation for this 
transformation on the basis of any accurate information available. 

186144-S2 4 
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The derivation of these factors is described in considerable detail 
by Lusk (f^), and his factors are used rather widely in this country. 
It is a significant fact that they are based upon the composition of 
meat protein and upon the extent of its rnetabolizability in the dog. 
They are applied, however, not only to fasting aniinals, in which the 
protein katabolism relates mainly to muscle protein oxidation, but 
to animals on rations containing any variety of protein. In these 
cases the protein katabolism relates to dietary protein, and the rela- 
tions of respiratory CO 2 and O 2 and of heat to the urinary nitrogen 
must be different from those calculated for meat protein. To apply 
meat-protein factors to such conditions is to assume that all proteins 
will give essentially the same factors, although it is known that the 
nitrogen content of vegetable proteins may vary considerably from 
that of meat protein. The relative indigestibility of vegetable pro- 
teins would complicate further the computation of factors such as 
those devised by Lusk for meat protein. 

Magnus-Levy (15) has expanded upon this difficulty in the way of 
an accurate assessment of the share of protein in the respiratory metab- 
olism of animals and has compromised by giving factors for protein 
which are the averages of values relating to “muscle substance’^ and 
to casein. According to Lusk, 1 liter of oxygen used in the combus- 
tion of protein is equivalent to 4.463 Calories of heat; according to 
Magnus-Levy it is equivalent to 4.578 Calories. Benedict and Joslin 
(5) have computed a value of 4.60 Calories for this factor, while 
Mpllgaard^s factors (77) lead to a value of 4.639 Calories. According 
to Lusk, each gram of nitrogen excreted in the urine represents 26.51 
Calories of protein metabolism; according to Magnus-Levy, 27.14 
Calories; and according to M0llgaard, 28.12 Calories. 

It is evidently impossible to assess accurately the extent of the 
participation of protein in the respiratory and energy metabolism of 
animals from the excretion of nitrogen in the urine, and fortunately 
the need for this computation is not great, since the error consequent 
upon its neglect will never, under practical conditions of feeding, be 
considerable. This fact depends upon the fiirther fact that the heat 
value of a liter of oxygen used in the combustion of protein appears 
to differ but slightly from the heat value of a liter of oxygen used 
in the oxidation of a mixture of fat and sugar having the same respir- 
atory quotient as protein, i. e., 4.803 to 4.810, depending upon the 
precise respiratory quotient assigned to protein. The maximum error 
would obviously be made when the total observed respiratory quo- 
tient is 0.802 and when protein is the only nutrient undergoing oxida- 
tion, a condition theoretically possible but rarely if ever realized in 
actual nutrition. If, now, protein metabolism be entirely neglected 
and the total respiratory quotient be taken as a nonprotein respira- 
tory quotient, then the error in the estimation of the heat value of 
each liter of oxygen consumed would, according to the values accepted 
by Lusk, be 4.803 -“4.463 ~ 0.340 Calories, or 7.62 per cent. If Bene- 
dict’s value for protein is taken, the maximum error would be 
4.803 “ 7 4.600 = 0.203 Calories, or 4.41 per cent, while, if M0llgaard’8 
value is used, an error of 4.803—4.639 = 0.164 Calories, or 3.54 per 
cent would result. 

This is evidently an extreme condition, since the protein metab- 
olism for tlie day rarely exceeds 20 to 25 per cent of the total, and, 
4 lccording to Magnus-Levy, is generally no greater than 15 per cent 
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of the total. Also as the total respiratory quotient deviates from 
0.80 the maximum possible protein metabolism rapidly decreases, as 
well as the maximum error realized by its neglect. The calculations 
in Table 13 illustrate this fact. Thus, for a total respiratory quo- 
tient of 0.95, it would be possible, in the event of no oxidation of 
fats, for 23 per cent of the heat produced to result from the oxidation 
of protein. However, if this unusual condition actually existed and 
if the computation of the heat production were made on the assump- 
tion that the total respiratory quotient was a nonprotein respiratory 
quotient, the result would be in error by only 1 .7 per cent. 

Tablk 13 . — The maximum error made in neglecting protein metabolism in the 
computation of the heat production from the respiratory exchange 




TTeat value 

Heat value 


Ma-ximum 

of a liter of 

of a liter of 

Total respiratory quotient 

protein 

metabolism 

oxygen for 
maximum 

oxygen, 

neglecting 


possible 

protein 

protein 



metabolism 

metabolism 


Per cent '■ 

Calories 

Calories 

0.7.*) . 

4.‘> ! 

4. 584 

4. 739 

0.80 ...... . 

joo ; 

4. 463 

4.801 

0.8, 'i. 

7.3 : 

4. 607 

4. 863 

0.90 - 

47 

4. 7.54 

4. 924 

Q.% 

2.3 , 

4.901 

4. 98.5 


Maximum 
error in 
neglecting 
protein 
metabolism 


Per cent 
.3. .3 
7.fi 


5.fi 

3./) 

1.7 


It would be extremely unlikely under any conditions that the 
maximum percentage of protein metabolism would ever be realized. 
If no more than 20 per cent of the total heat produced is derived 
from the oxidation of protein, a fairly high level, the maximum error 
committed by neglecting protein metabolism entirely would be about 
1.5 per cent. In the present e.xperirnent the protein calories con- 
stitute less than 13 per cent of the total calories, as ordinarily com- 
puted from the nitrogen in the urine (Table 9), and the differences 
between the total heat production computed with and without a 
correction for protein metabolism, by using Lusk’s factors, range 
from 1.25 per cent at the level of full feed to 0.69 per cent at the level 
of one-fifth full feed. It is true that it would be advisable to avoid 
errors even of this magnitude if a good method of doing so were at 
hand. It is probable that the uncorrected values are slightly too 
high, but there is no assurance that if Lusk’s factors were used in 
correcting the heat production for protein metabolism the estimates 
obtained would not be slightly too low. 

. In view of the uncertainty in all methods proposed for the measure- 
ment of the participation of protein in the respiratory and energy 
metabolism of animals, and in view of the inconsiderable error that 
results apparently from the entire neglect of this point, the writers 
prefer to make their indirect calorimetric computations on the basis 
of total respiratory quotients rather than nonprotein respiratory 
quotients. Tliis is the practice followed in much of the recent work 
in human metabolism and in most of the work reported from the 
nutrition laboratory of the Carnegie Institution of Washington, and 
defended on the basis of the small errors incurred (4). 

The respiratory quotients obtained during the two fasting experi- 
ments, representing in each case observations obtained during the 
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fourth, fifth, and sixth days of fast, with no preliminary preparation 
of the steer, are given in Table 14. In the 4-hour samples of chamber 
air, respiratory quotients below that of fat were frequently obtained, 
and even the average gas analyses for the entire day indicated 
quotients slightly below 0.7 in half the cases. In these cases the heat 
production was computed on the assumption of 100 per cent fat 
metabolism and a heat equivalent of the consumed oxygen of 4.686 
Calories per liter. 

Table 14. — Reapiratory quotients obtained during two fasting experiments 



1 Respiratory quotient in Indicated 4-hour periods 

Respira- 

Experiment No. 

1 

— 

1 

— 


— 

tory 

quotient 


I 8 a. m. to 

12 m. to 

4 p. m. to 

8 p. m. to 

12 p. m. to 

4 a. m. to ' 



1 12 m. 

4 p. m. 

8 p. m. 

12 p. m. 

4 a. m. 

8 a. m. 

period 

irt 

- 0.71 

0.74 

0.66 



0.63 

0. 70 

17 

.60 

.73 

.70 

0.73 

0.72 

.75 

.71 

18- 

! .72 



.68 

.07 

.66 

.71 

2S 

....i .68 

.68 

.70 

.69 

.71 

,70 

.69 

26- 

.68 

.70 

.67 

.69 

.68 

.67 

.68 

27. 

.70 

.68 

.69 

.69 

.66 

.69 

.68 


Before studying the final computations of the experiment, assembled 
in Table 17, it is advisable to consider the results of the fasting experi- 
ments to be found in Table 15. These computations of heat produc- 
tion did not involve any corrections for methane, since the methane 
production of the steer after the third day of fasting is inconsiderable 
{ 9 , 10 ). 

Table 15. — Heat production of the steer during the fourth^ fifth, and sixth days of 

fast 


Body 
weight 
of steer 

Body 
surface 
of steer 

Date 

Day 

of 

fast 

Heat production 

Ob- 

served 

J*Gr standard day 

Total 

Per 

square 

meter 

Per .500 
kilo- 
grams 

Kilo- 

Square 



Calo- 

Calo- 

Calo- 

Calo- 

gramtt 

meters 



Ties 

Ties 

Tits 

Ties 



[April 16-17 - - 

4 

9 , 842 

9,866 

1,8.50 

8, 674 

628.0 

,6. .33 

April 17-18 

f) 

9,366 

9,690 

1,800 

8,441 



April 18-19 

6 

9,285 

9,489 1 

1,780 

8. 362 



June 4-6 

4 

9, 532 

9,494 

1,914 

8,5.50 

. 602. 8 

4.96 

June .5-6 

5 

9,614 

9.480 1 

1,911 

8, .537 



June 6-7- , , . 

6 

9,476 

9,399 

1,895 

8,464 


In correcting the observed heat production to a standard day of 12 
hours each in the standing and lying positions, following the practice 
initiated by Armsby and his associates, a factor of 62 Calories per 
hour per 502 kg of body we^ht was taken as the extra heat production 
of standing over lying. This factor is the average of two values 
obtained during the preceding year on the same steer at a body weight 
of 600 kg and on another Shorthorn steer at a body weight of 447 kg, 
on the ninth and tenth days of fast, respectively. During these days 
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the hourly production of carbon dioxide was obtained for consider- 
able periods of time in the standing and in the lying position. For the 
first steer the hourly CO 2 production while lying (4 periods of obser- 
vation totaling 5.17 hours) was 81.07 g, and that while standing 
(4 periods totaling 11.79 hours) was 98.24 g, an increase of 21 per cent. 
In this experiment the increment in heat production due to standing 
amounted to 60 Calories per hour per 500 kg body weight. For 
the other steer the hourly production of CO 2 while lying (6 periods 
totaling 3.67 hours) was 81.75 g, and while standing (3 periods totaling 
7.45 hours) 98.16 g, an increase of 20 per cent, or, in terms of heat 
production, 64 Calories per hour per 500 kg. 

The surface area of the steer was determined at each of the fasts by 
the use of the Brody surface integrator (7). In the first fasting ex- 
periment the area ^ was 5.33 m^, and in the second 4.96 ml These 
values are somewhat larger than those computed from Brody^s 
formula for beef cattle A = 0.13 i. e., 4.80 and 4.69 m^, respectively. 

The fasting heat production (corrected to the standard day) per 
square meter of body surface averaged 1,810 Calories for the first 
fasting period and 1,907 Calories for the second fasting period, or, 
using the surface areas as determined by the Brody formula, 2,010 
and 2,017 Calories, respectively. 

In the respiration experiments of the preceding year, already 
referred to, short observations of 1.5 to 2.0 hours were made on the 
carbon dioxide production of four grade Shorthorn steers, including 
the one used in th^resent experiments, on the fourth or the fifth day 
of absolute fast. The heat production was calculated on the assump- 
tion of a fasting respiratory quotient of 0.72. The results of these 
experiments are given in Table 16, and relate to the standing position. 

Table 16. — The heat 'production of fasting steers on fourth and fifth days of the fast 







Heat production per 

24 hours 

Steer 

No. 

Body 

weight 

Surface 
area « 

i 

Day of fast 

per 


Corrected to 
standard day ^ 

hour 

Ob- 

served 

Total 

Per 
stjuare 
meter 
of body 
surface 

1 

KU0‘ 
grains 
501. 7 

Sqmre 

meters 

4.2.3 

Fourth 

Orams 

UKl.7 

Calth 

Ties 

8, .507 

Calo- 

ries 

7,761 

Calo- 

ries 

1, 835 

2 

447.2 

3.06 

...-do - 

100.6 

1 8.021 

7,356 

1,858 

3 

433.6 

3.90 

Fifth - 

100.9 

8,045 

7,608 

1, 92.5 

4 

402.8 

3.74 


87. 3 

6,960 

6,461 

1,727 


« Computed by the Brody formula, W, 66. 

Using the factor 62 Calories per hour per 500 kg of body weight for the excess heat produced in the 
standing position. 


The values for the heat production per standard day per sq^uare 
meter of surface area are quite similar to those obtained in the later 
experiment on steer 1. They are, however, considerably greater than 


« ni> is tb« abbreviation for square meter recently adopted by the Style Manual for United States Govern- 
ment printing. 
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those given for fasting steers and dairy cows, by Forbes, Fries, 
Braman, and Kriss (11) and hr Forbes, Kriss, and Braman (7^), 
averaging approximately 1,400 Calories. In two recent publications 
from the Pennsylvania laboratorv (.9, p. 276; 10 y p, 51) the fasting 
metabolism of the four steers used, as subjects was 1,588, 1,628, 1,642, 
and 1,491 Calories per square meter of surface area. However, the 
former values were obtained by the use of Moulton ^s formula for the 
surface area of beef cattle (lS)y based upon the measured area of the 
removed hides of a number of animals, while the latter four values 
were based upon the area of the hides of the experimental animals 
themselves, removed and measured after slaughter. This method of 
determining surface area may be expected to give larger areas than 
those obtained by the Brody surface integrator from the live animals. 
The Moulton formula applied to the steer in the experiment under 
discussion gives areas of 6.22 and 6.07 m^ for the two fasting periods, 
and heat productions per standard day per square meter of 1,550 and 
1,558 Calories. It may be concluded, therefore, that the fasting heat 
productions of steers in the Illinois experiments are quite consistent 
with those obtained at the Pennsylvania laboratory when computed 
to the unit of surface area by the same formula. The average of 13 
determinations of the fasting heat production of beef cattle, corrected 
to the standard day, from the Illinois and Pennsylvania experiments, 
is 1,897 ±19 Calories per square meter of body surface, the latter 
computed according to the Brody fonnula. The standard deviation 
of these 13 determinations was 100 and their coefficient of variation 
5.27. 

The experiments of Benedict and Ritzman (6') on four fasting steers 
gave average values for the heat production per day (in the standing 
position) per square meter of surface of 1,474, 1,591, 1,590, and 1,570 
Calories on the fourth and fifth (or the fourth or fifth) days of fast. 
These investigators have obtained such discordant values for the in- 
fluence of standing on the heat production that they have not at- 
tempted a coi-rection to the standard day. The surface areas of the 
steers were estimated in these experiments by the Hogan modification 
of the Moulton formula (13) y namely, A = 0.1081 W 

It should be noted that the values given in Tables 15 and 16 were 
obtained with no attempt to standardize the ration consumed pre- 
vious to the fast and with no attempt to empty the intestinal tract 
of the steer by the use of cathartics, procedures used in the Pennsylva- 
nia experiments. The fasting heat production in the second experi- 
ment (Table 15), secured after a period of feeding at the one-fifth full 
feed level was, in fact, slightly greater per square meter of surface 
than the fasting heat production in the first experiment, secured 
after a period of feeding at the three-fifths full feed level. In the 
earlier series of experiments (Table 16) the steers were, previous to 
the fast, consuming a fattening ration of alfalfa hay and corn upon 
which they had been making gams of 2.49, 1.79, 1.36, and 1.54 pounds 
daily, respectively, for a period of 44 days. There appears to be no 
indication that the level of feeding previous to the fast has any 
appreciable influence on the heat production of fasting after the 
third day. This does not seem a matter of surprise to the writers, 
since, even though the paunch may still contain considerable food, 
its passage from the paunch into tne third and fourth stomachs and 
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the intestinal tract would presumably be very slow, as would also be 
the rate of its digestion and absorption. Experiments referred to 
at the begmning of this paper, as well as the experiment now under 
discussion indicate clearly that the digestion and absorption of small 
amounts of food have only an inappreciable effect upon heat produc- 
tion. 

In Table 15 will be found computations of the fasting heat produc- 
tion of the steer per 500 kg body weight, computed in the proportion 
of the 0.56 power of the weight. The six computations agree fairly 
well and average 8,503 Calories. This figure has been used in the 
computations of the fasting heat production of the steer during the 
five feeding periods (Table 17), in estimating the heat increment due 
to feeding. The surface area of the steer was not directly determined 
during these periods. 


Table \ 7. — Calculation of the heat increments and the net energy values of the rations 
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77.1 
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13,563 

12, 610[ 
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-2 
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77.4 
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12, 519 
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492 
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1 9,436 
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77 
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3,017 
2, 072 

97.5 


1 2. 323 

7,187 

9,670 

-2,483 

9,436 

-48 

9,388 

282 

12l| 

96.1 

Average — 

2.323 

7,187 

9, 755 

-2,588 

9,436 



9,437 

31 8| 

137| 

6,869 

2,957 

95.6 


The final results of the experiments are contained in Table 17. In 
the fourth column of this table will be found the observed heat pro- 
duction of the steer for 24 houi-s, computed as above explained. The 
difference between these values and the daily intakes of metaboliz- 
able energy yields the energy balances, which averaged for the differ- 
ent periods, in the order of decreasing food consumption, 10,969, 
8,398, 4,562, 1,044, and —2,568 Calories. It appears from these 
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figures that the level of feeding equal to two-fifths full feed was 
slightly above the maintenance level. To obtain the heat increments, 
the fasting heat production (standard day) plus the estimated heat 
liberated due to standing for more than 12 hours must be deducted 
from the observed heat production; these values are given in columns 
6, 7, and 8. The total heat increment and the increment computed 
to the kilogram of dry matter will be found in columns 9 and 10. The 
latter values for the five levels of feed are, in the order of decreasing 
food consumption, 819, 709, 692, 651, and 137 Calories. The net 
energy results are given in the last three columns. Per kilogram of 
dry matter consumed, the net energy values averaged, in the same 
order of feeding, 1,842, 2,001, 2,097, 2,270, and 2,957 Calories. 
The percentage availability of the metabolizable energy averaged 
69.3 at the level of full feed, 73.8 at four-fifths full feed, 75.2 at three- 
fifths full feed, 77.7 at two-fifths full feed, and 95.6 at one-fifth full 
feed. 

The biological error in this experiment is represented by the differ- 
ences between the daily heat productions at each level of feeding. 
The average percentage difference between each two days[ results 
at each of the five levels of feeding and of the two fasting periods was 
3.02. If these observed heat proauctions are corrected to a standard 
day, by means of the activity increments given in column 7 of Table 
17, the average difference becomes 2.29 per cent (standard deviation, 
1.93), and in all but 5 of the 19 comparisons the correction for activity 
resulted in smaller differences. In two recent publications by Forbes 
and his associates (^, 10), the average difference in observed daily 
heat productions on the same level of feeding, uncorrected to a 
standard day, was 1.92 per cent, standard deviation, 1.43. In the 
compilation of early experiments from the same laboratory in 1915, 
publfehed by ^msby and Fries (2), the average percentage difference 
between duplicate determinations of daily heat production corrected 
to the standard day is 2.73^ the standard deviation of the 75 differences 
being 2.19. In the consideration of the necessaiy degree of refinement 
in the technic of animal calorimetric investigations the extent of this 
inevitable biological error must find a place. It is of particular 
importance in assessing the significance of small differences in energy 
metabolism caused by differences in the plane of nutrition. 

DISCUSSION OF RESULTS 

The dmect experimental measurement of the heat increment due 
to food is the difference between the observed heat production and 
Ae fasting heat production, corrected to equal body weight and, 
in. so far as possible, to equal muscular activity. The use of lower 
levels of feeding in the computation of heat increments in place of 
the fasting condition gives values of uncertain significance. Their 
interpretation would seem to involve necessarily some particular 
theory concerning the factors responsible for the heating effect of 
food. For example, if the heat production on a maintenance ration 
is used in the computation of a heat increment between it and some 
higher level of feeding, the implication would seem to be that the 
excess feed labove maintenance has itself suffered a loss in energjr 
equal to this computed increment. It has been toiind that this 
increment per kilogram of dry matter consumed is greater than the 
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increment obtained between fasting and maintenance. The con- 
clusion has therefore been drawn that the utilization of feed energy 
in fattening is less than that of maintenance. But this implies that 
the heating effect of food varies with the purpose for which it is used, 
and this follows only from one of a number of possible theories of 
the cause of this effect, namely, that it is due to heat liberated in the 
course of the chemical reactions of intermediary metabolism (16), 

If the heat increment computed between maintenance and some 
higher level of feeding is not related only to the excess food, but also 
represents an increase in the heat loss suffered by the maintenance 
ration itself, then the increment possesses a mixed significance and can 
not logically be used, 
for example, in com- 
puting the net energy 
value of the ration for 
fattening only. In 
this case the heat in- 
crement might be the 
result entirely of the 
level of feeding and of 
the plethora of food 
nutrients set up in the 
blood and the inter- 
cellular fluids. The 
percentage utilization 
of the metabolizable 
energy would then 
suffer a decrease with 
increasing levels of 
feeding quite analo- 
gous to the concomi- 
tant decrease in the 
percentage digestibil- 
ity of the food nutri- 
ents . Hence , it would 
be as illogical to com- 
pute a separate value 
for the net energy content of food consumed above maintenance as 
to compute separately its digestibility. 

Until the causes underlying the heating effect of food, including 
its specific dynamic action, are much more completely understood 
than they are at present, it would seem to be the preferable pro- 
cedure to interpret the results of this experiment, and of others 
similar to it, in the most direct fashion possible, giving to the total 
heat increments and the corresponding net energy values their sim- 
plest interpretations. 

In the discussion which follows, the results of this experiment on 
one steer will be compared with the results, obtained in similar experi- 
ments on four steers by Forbes and his associates (d, 10). These are 
the only published experiments, in so far as the writers are aware, 
that have been concerned with the effect of the level of nutrition upon 
the energy metabolism of steers and upon their utilization of food 
energy. 



Figure 3.— Kelaliou between heat production of steers and the (luan- 
tity of dry matter consumed daily, illustrated by data from this ex- 
perimeut and from exi)erimezits of Forbes and his associates 
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In Figure 3 the relation between the heat production of the five 
steers, corrected to a constant body weight, and the dry matter 
consumed dailv, is depicted graphically. The broken lines repre- 
senting this relation are quite similar in their general trend. From 
the fasting condition to the lowest level of feeding, the heat production 
increases but slightly. From the lowest to the next feed level, repre- 
senting for all steers approximately a maintenance ration, the heat 
production increases more rapidly. From these points to higher 
levels the heat production increases in an approximately linear fashion, 
the slight irregularities being apparently of no significance since they 
are not consistent. The intervals between the five lines are largely 
due to the differences in the body weights of the steers to which the 
heat productions have been corrected. The two lowest curves are 
for the two lightest steers, Nos. 57 Pa. and 60 Pa., with weights of 

399 and 383 kg, respec- 
tively. The two inter- 
mediate curves are for 
the next heaviest 
steers. Nos. 36 Pa. and 
47 Pa., weighing 468 
and 479 kg, respec- 
tively. The heat pro- 
duction of the Illinois 
steer was corrected to 
the average weight of 
the two fasting periods, 
namely, 615 kg. 

The curves showing 
the relation between 
the total heat incre- 
ments and the diy mat- 
1 2 34 5 6,7 8 9 ioiii 2 ter cousuined (fig. 4) 

DRY MATTER CONSUMED (MLOCRAMS) af© mUCh cloSCI* tO- 



Figurk 4.“-llolatioii between total heat increment and quantity gethci’ eXCCpt at the 

of dry matter consumed daily, illustrated by data from this experi- u • 

ment and from experiments of Forbes and his associates nignoi leVClb 01 leeaing. 

The discrepancy here 

between steers 60 Pa, and 1 111., which were carried to higher levels 
of feeding than the others, may be due to individuality or possibly 
to the differences in ration, the ration of the Illinois steer containing 
more concentrates. 

When the net energy values of the rations per kilogram of d^ mat- 
ter are plotted against the daily intake of dry matter, as in Figure 5, 
it appears that, except for the lowest levels of intake for steers 57 Pa., 
60 Pa., and 1 III., the relation is more or less perfectly a linear one. 
The lines drawn upon this chart have been determined from the data 
of each steer (with the exceptions noted) by the method of least 
squares. The difference in slope between the line for the Illinois steer 
and the lines for the Pennsylvania steers may be due to the difference 
in the character of the rations fed. 

The goodness of fit of these lines to the data of the five steers is 
indicated in Table 18, which contains the observed net energy values 
of the rations at the different levels of intake and the values estimated 
from the equations describing the straight lines, given in the last 
column of the table. For steers 47 Pa. and 36 Pa. it appears to be 
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possible to predict by linear equations the net energy value of the 
ration, for all levels of intake observed, with an error of less than 1 
per cent. For steers 60 Pa. and 57 Pa., the predictions fall within 
5 per cent of the observed values, with the exception of the results of 
the low'cst levels of intake, which do not fall in line with the others 
and for which no predictions have been made. For the Illinois steer, 
again neglecting the result of the lowest level of feeding, the net 
energy value of the ration can be predicted within 1 per cent by the 
linear equation fitted to the data. 

Although it might be supposed that the net energy value of a ration 
could be predicted considerably more accurately frojn the intake of 


O 47 PA. 

X 36 PA. 
Q 60 PA. 

• 57 PA. 

• I ILL. 


metabolizable energy 

than from the intake Voi— n — i — i — i — t — i — i — i — i — ^ — i — 

of dry matter, this 

did not prove to be ~ 

the case wuth steers _ - o 47 pa. 

60 Pa. and 57 Pa., for a H K; 

which the dry matter « 

net energy relation t as - 

deviated the most 3 ,ill \ 

from linearity. For g ~ \ 

the prediction on the ^ 2.4 - ^ 

basis of dry matter 3 ^ 3 „ 

intake, the average g 

percentage deviations "■ ° 

between observed and ^ 2 . 1 - 

predicted values for S - 

these two steers were 5 ^ 

3.24 and 2.20, respec- £ 1.9 - 

tively. On the basis ^ q 

of the intake of inetab- t ’* \^^^^pa. 

olizable energy, the ^ t.? - b\ \ ~ 

avemge percentage • _ _ 

deviations between \ 

the observed net en- L - I J_1 I - i-J-. -LJ I_J^ 

ergy values and those dry matter consumed (kilograms) 

predicted from a figure 6 .— The net energy value of various rations as alfeoted by liie 

linear quantity of dry matter consumed; illustrated by data from this ex- 

ixixcni weic poriment and from experiments of Forbes and his associates 

2.94 and 2.20, respec- 
tively. The same situation existed in the case of the other three steers. 

It’ would appear that the problem of determining the net enorp- 
value of a ration has become more complicated as the result of the 
demonstration in a number of laboratories of the influence of the 


L J L._ 1 -J I -.J I 

01 23456789 10 II 12 

DRY MATTER CONSUMED (KILOGRAMS) 

Figure 6 .— The net energy value of various rations as affected by llie 
quantity of dry matter consumed; illustrated by data from this ex- 
periment and from experiments of Forbes and his associates 


plane of nutrition. If the few results illustrating this influence in 
steers may be taken as a good indication of the truth, it seems that 
for each ration the net energy value may be expressed, not as a defi- 
nite point in accordance with the Annsby system, but better as a 
linear equation relating the net energy value to the dry matter intake. 
Thus, from the Pennsylvania results, the net energy value of a ration 
consisting of equal parts of alfalfa hay and com can not be assigned 
a definite value for all conditions of feeding, but may be predicted for 
all levels of feeding above maintenance from the linear equation 
y = 2.633 — 0.1 108a;, m which x is the diy matter consumed in kilo- 
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grams and y is the net energy of the ration per kilogram of dry matter. 
The constants in this equation are the aver^es of the constants of 
the four equations for the individual steers. For low levels of nutri- 
tion (submaintenance (?)), the validity of a linear relation has not 
been established. More investigation needs to be done in clarifying 
the relation between net energy value and dry matter consumed at 
these levels. 

Wiegner and Ghoneim (21) have described the relation between the 
intake of metabolizable energy and that of net energy, both expressed 
per square meter of body surface, by the differential equation 


dA_ 

dF" 


K{H-A) 


in which A is the net energy intake, F the intake of metabolizable 
energy, H is the maximum value of A, and K is an efficiency constant. 


Table 18 . — Prediction of net energy value of ration from the quantity of dry matter 
consumed f using Pennsylvania and Illinois data 




Net energy of ra- 



steer No. 

Dry 

matter 

consumed 

daily 

tion per kilo- 
gram of dry 
matter 

Differ- 

ence 

Prediction equation 







(^) 

Observed 

Calcu- 
lated (y) 




Kilogram 
7. ;«4 

Therms 

Therms 

Per cent 



1.842 

1.839 

- 0. 2 


47 Peunsylvauitt, 

6.617 

3.790 

2.012 
2. 241 

2.027 

2.220 

-f. 7 
-1.0 

y= 2.622-0. lOOOr. 



1.863 

2.414 

2.425 

+.4 



7.037 

1.857 

1.867 

0 


36 Pennsylvania 

6.353 I 
3.762 

2.027 
2. 218 

2. 035 
2.204 

+.4; 

y=2.606 - 0.1066j:. 


— . 7 


1.886 

2.399 

2.404 

+. 2 ‘ 



9. 489 

1.606 

1.528 

-4.8 



7.520 

1.667 

1.726 

+3.6 


60 Pennsylvania ... 

6.704 

1. 823 

1.909 

+4.7 

-.7 

y- 2.485-0.1009/. 


4.237 

2. 071 

2. 067 


2. 828 

2. 257 

2.200 

-2.5 



8.057 

1.818 

1.774 

-2. 3 


57 Pennsylvania 

6.233 
4. 612 

1. 923 
2.260 

2.011 

2.222 

+4.6 

■y« 2.821 -0.1299/. 


— 1. 7 


3.085 

2.426 

2.420 

-.2 



11.220 

1.842 

1. 847 

+.3 


1 Illinois 

8.975 

2.001 

2.097 

1.086 

2.119 

-.7 

+1.0 

y= 2.638-0.0616/. 


6.806 


4.644 

2.266 

2. 252 

-.6 



The integrated form of this equation, In was fitted to 

their own data on a rabbit and to the Pennsylvania data on four 
steers. In the latter case the average percentage deviation between 
observed and computed data was 3.9 and the maximum 11.7, one 
equation being used, i. e.. 


In g~”^«0.0001995F 

One may question the significance of reducing total intakes of energy 
to the square meter of body surface. 
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SUMMARY AND CONCLUSIONS 

The energy metabolism of a grade Shorthorn steer, approximately 
2 years of age, has been investigated at six levels of nutrition, ranging 
from fasting to full feed. The ration used was the same at all levels, 
containing on the dry matter basis 73.1 per cent of ground corn, 24.1 
per cent of alfalfa hay, 2.0 per cent of linseed meal, and 0.8 per cent 
of molasses. 

The lowest level of feeding was associated with the most complete 
digestibility of all nutrients. However, there was a progressive 
decrease in digestibility from the lowest to the highest ration only in 
the case of nitrogen-free extract, ether extract, and dry substance. 

The metabolizable energy of the ration per kilogram of dry matter, 
as well as the percentage metabolizability of the gross energy, in- 
creased progressively from the highest to the lowest level of feeding, 
the former from 2,661 Calories to 3,094 Calories, and the latter from 
60.61 per cent to 70.14 per cent. However, when the metabolizable 
energy is computed to a kilogram of digestible nutrients, all effect of 
the .level of feeding disappears. 

At the two highest levels of feeding, the respiratory quotient was 
continuously greater than 1 for the entire day. At all levels of feed- 
ing except the lowest, the respiratory quotient for the first four hours 
after feeding was higher than for any other period. The average 
daily respiratory quotients for the five levels of feeding in the order 
of decreasing levels were 1.13, 1.12, 1.05, 0.97, and 0.88. 

The average fasting heat production of the steer, corrected to a 
standard day of 12 hours in the standing position and 12 hours in the 
lying position, averaged 1,858 Calories per square meter of body sur- 
face, as directly determined with the Brody surface integrator. If 
the surface area of the steer is computed by the Moulton formula, 
based upon skin areas, a much larger value is obtained than that 
actually observed, and the fasting heat production per square meter 
becomes 1,554 Calories per day, a value consistent with previously 
published values for steers. Serious discrepancies exist between 
formulas now being used for the estimation of the surface area of 
steers. 

The average of 13 determinations of the fasting heat production of 
beef cattle, corrected to the standard day, from the Illinois and 
Pennsylvania experiments, is 1,897 ± 19 Calories per square meter of 
body surface, the latter computed according to the Brody formula. 
The standard deviation of these 13 determinations was 100 and their 
coefficient of variation 5.27. 

In this experiment, although one fasting period followed a three- 
fifths full-feed period and one a one-fifth full-feed period, no evidence 
was obtained that the preceding feeding affects appreciably the heat 
production of the fourth, fifth, and sixth days of fast. Other experi- 
ments performed in this laboratory are cited to the same effect. 

The heat increment due to feeding, per kilogram of dry matter 
consumed, increased from the lowest to the highest levels of feeding, 
while the net energy values, on the same basis, decreased progressively 
from 2,957 Calories to 1,842 Calories. The percentage availability 
of the metabolizable energy assumed the following values from the 
lowest to the highest levels of feeding: 95.6, 77.7, 75.2, 73.8, and 69.3. 
This decrease in total utilization of feed by steers seems to be due in 
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part to a more or less continuous decrease in digestibility, but also to 
a very slight specific dynamic effect of feed at very low levels of feed- 
ing. 

From the results of this experiment and of the experiments on the 
same problem published by Forbes and his associates, it appears 
that, except for submaintenance levels of feeding, the net energy 
value of a ration bears a linear relation to the arnount of dry matter 
consumed. Hence, the net energy value of a ration may be defined, 
not by a constant, as Armsby supposed, but by a linear equation 
relating it to the intake of dry matter. There are grounds for 
suspecting that the size of steer may eventually have to be considered 
also in defining this relation, but at present the data are not at hand 
to decide this question. 
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STURMIA INCONSPICUA MEIGEN, A TACHINID PARA- 
SITE OF THE GIPSY MOTH' 

By R. T. Webber 2 

Associate Entomologist Division of Forest Insects, Bureau of Entomology, United 
States Department of Agriculture 


INTRODUCTION 

Sturmia inconspicuci Meigen is recognized as one of the most 
important parasites of the introduced pine sawfly, Di/prion simile 
(Hartig) {Lophyrus simUis Htg.). As a parasite of the gipsy moth 
(Porthetria dispar L.) it is not so well known, although its attack 
upon that species was recorded many years ago. As a parasite of 
P. dispar in Europe it compares favorably with other tachinids except 
Phorocera agilis Robineau-Desvoidy and Sturmia scutellata Robineau- 
Dcsvoidy. In certain localities it has even outranked the latter 
parasite. Illustrative of the periodic abundance of this species are 
the rearings made at Rernbertow, Poland, in 1927. Approximately 
200,000 P. dispar larvae wore reared for their parasites, and from them 
were obtained more than 20,000 puparia of S, inconspicua. 

This increased knowledge of the insect’s importance as a gipsy- 
moth parasite and the establishment in the northeastern part of the 
United States of one of its favorite hosts, THprion simile^ have renewed 
interest in this species. 

SYNONYMY 


European authorities do not wholly agree upon the taxonomic, status 
of Sturmia. inconspicua. According to Bezzi and Stein, ^ inconspicua 
Meig. flavoscutellata Zett. (1844), and cursitans Rond. (1861) 

are synonyms of himaculata Htg. (1838). It is not clear why these 
authors used himaculata when inconspicua has priority. Probably it 
is an instance of common usage. /S', gilva Htg. (1838) is regarded by 
them as distinct. In a later work Stein ^ still holds to his opinion as 
regards the distinctiveness of the two forms himaculata and gilva, but 
here he recognizes the priority of inconspicua over himaculaia. Baer,® 
like Bezzi and Stein uses himaculata in preference to inconspicua, but 
he considers gilva a synonym, or at most a variety, of himaculata. In 
1926 J. Villeneuve discussed the synonymy of these forms with the 
writer. According to him, they are all synonymous with /S', incon- 
spicua, gilva being at most a poorly marked variety. 


» Received for publication Feb. 1, 1932, issued September, 1932. ^ ^ ^ ^ ^ ^ u. • u r. x. 
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GEOGRAPHICAL DISTRIBUTION 

Sturmia inconspicua is common to central Europe and northern 
Africa. According to Fisk,® who refers to it under the name 
Zygobothria gilvOf it is more abundant in the Mediterranean countries 
than in the north. In recent years, however, practicalljr all the 
material collected has come from northern Europe, especially the 
area where pine is grown. It is probable that its regional abundance 
has some c-onnection with the presence of its alternate hosts. 

HISTORY OF IMPORTATION AND COLONIZATION 

In 1906 the first attempt was made by the State of Massachusetts 
and the Federal Government to introduce the species into the United 
States. The colony was small and there is some doubt concerning 
the point of liberation. Presumably it was in the vicinity of North 
Saug\is, Mass. During 1907-08 but few puparia of this species 
were received from abroad and no colonies were liberated. In 1909 
more than 7,000 puparia were received from France and colonized at 
Wellesley, Wenham, Stoneham, Byfield, and Melrose Highlands, 
Mass. In addition 385 puparia were obtained from importations of 
Porthetria dispar from Belgium, Austria, and Germany, and flies 
were liberated in the same localities. During the following years all 
attempts to recover the species failed, and it is safe to con<*lude that the 
establishment of incowpicua from this introduction was unsuccessful. 

In recent years another effort has been made to establish the species. 
During 1923-24 only a small quantity of material was received and no 
colonization attempted. In 1925, 1,886 puparia were imported from 
Poland, Hungary, Portugal, and Czechoslovakia. Of this material 
two colonies, aggregating 1,200 adults, were liberated under unsatis- 
factory conditions. Less than 60 puparia were received in 1926 and 
none of the flies was liberated. In 1927 importations totaling 15,607 
puparia were received from Poland, Hungary, and Yugoslavia, and 
approximately 4,798 adults were liberated in Massachusetts, Now 
Hampshire, and Rhode Island. In 1928 nearly 55,000 puparia were 
received from the same localities, and four colonies, aggregating 
28,000 adults, were placed in Massachusetts, New Hampshire, and 
Rhode Island. 

The first recovery of Sturmia inconspicua was made during July, 
1929, when seven puparia were obtained from Porthetria dispar larvae 
collected at the colony site in Saugus, Mass. This colony was 
liberated in July, 1927. 

DESCRIPTION OF STAGES 

The description that follows has been drawn from a large number of 
specimens of both sexes reared from Neodiprion dyari Roh. and 
Porthetria dispar L. at the gipsy moth laboratory. The parent stock 
was bred from Lophyrus pini L. collected at Wloclawek, Poland. 

« FISKE, W. F. parasites of the gipsy and BBOWN-TAIL moths INTBODUCEt) INTO MASSACHUSETTS. 
VHEBE THEY COME FROM. WHAT THEY ABE DOING. A GENERAL SURVEY OF TH» WORK. D. 39, lUUS. 
Boston, 1910. , 
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THE ADULT 

Head (fig, 1) : Horizontal axis, measured at base of antennae, but little wider 
than at vibrissae. Front variable; average specimen at widest part measuring, 
in the male, a little less than and, in the female, a little more than one-third the 
head width. Eyes bare, biicca from one-eighth to one-fifth the eye height. 
Front and parafacials usually gray pollinose, the former often with a decided 
golden tinge that sometimes spreads over the entire face (more pronounced in the 
females) and bearing, in the male, a row of 10 to 12 and, in the female, from 7 to 9 
bristles, the lowest and uppermost ones of which are reclinate, and those of the 
intermediate region decussate. Outside of and parallel 
with frontal row, several bristles which in some indi- 
viduals give the appearance of a double row. These 
bristles arc variable and are sometimes entirely absent 
in the female. In the male the inner vertical bristle 
large, the outer vestigial; in tlie female both the ver- 
tical bristles well developed, the outer one less strong. 

Facial ridges bristly on the lowest fourth; palpi yellow. 

Antennae usually black, reaching lowest fourth of face, 
third joint in both sexes from two to two and one-half 
times length of second. Base of third joint and apex 
of second sometimes red or yellowish, particularly in 
the female. Arista tapering from base to apex. 

Thorax black, moderately to thickly gray pollinose 
and bearing before the suture 3 acrostichal and 3 dorso- 
central bristles; behind the suture either 3 or 4 acros- 
ticluil 3) and 4 dorsocentral bristles. Seiitel- 

lum black at i)ase, the apical half brownish and bear- 
ing 3 pairs of strong marginal bristles besides 
the decussate apical pair. Disk thickly beset with 
fine depressed hairs, from which arises 1 strong pair 
of widely separated l)ristles. Stern opleura usually 

w'ith 4 bristles, sometimes 3 and a weaker one. ' Pteropleural bristle small. 

Abdomen black, at least the basal half of segments 11, 111, IV, and a good part 
of the pleural and ventral regions moderately gray pollinose; segment I and the 
apices of the following segments shining black. Segment I with no macrochaetae; 
segment II with a marginal pair; segment III with a marginal row%' and segment 
IV wholly covered except at extreme base. Sides of the second segment some- 
times reddish. In the male, underneath segment III there is a small dense patch 
of depressed hairs similar to that found in Zenillia eudryae Town, and in several 
species belonging to the genus Sturmia. This character is absent in the female. 
Mid tibiae with 1 bristle on the outer front side near the middle, 1 on the forward 
side wiiich often appears as an inner bristle, and 2 
hind bristles. Hind tibiae thickly ciliate, wdth 1 
longer bristle. 

Wings hyaline, third vein usually with one strong 
bristle at base, sometimes a weaker one present. 
Apical cell open, ending far from the extreme wing 
tip. 

Genitalia (fig. 2) small, retracted. Inner forceps 
shining black and tapering to slender points. When 
view^ed from the side they are nearly straight, the 
basal half densely clothed with fine black hairs which 
are directed upward; w’hen viewed from behind they 
are distinctly separated from base to apex, parallel for one-half of their length and 
then outwardly bowled. Outer forceps light brown, shining, wide at base, and 
tapering to blunt, rounded points; outer surface sparsely clothed with light-brown 
hairs. Anterior claspers elongate, slender, brownish, terminating in fine points; 
posterior claspers short, knoblike, scarcely three times as long as their apical width. 

Length, moderate size flies, usually about 7 mm but sometimes as long as 10 mm. 

THE EGG 

Length from 0.65 to 0.60 mm, width 0.18 to 0.20 mm, depth about equal to 
width; transparent; moderately elongate-oval in profile, posteriorly rounded and 
tapering anteriorly; lower side concave. Viewed from above, surface of egg 
finely punctate, with distinct reticulation. 



Figure 2.— Male hypopygium 
of l^urmia inconspicua: A, 
Rear view; B, side view 



P'lOTRK 1— Headofadi It female 
of Sturmia inconfipicu i, lateral 
view 
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THE LARVA 

Stage 1 (fig. 3, A). — Size variable. A larva 2 days old measured 1.0 mm in 
length and 0.33 mm in width; another larva, 3 days old, measured but 0.80 by 
0.27 mm. Moderately elongate, tapering anteriorly, posteriorly rounded; skin 
colorless and transparent; head without spines and bearing 2 conspicuous pairs 
of rodlike sensory organs. On segment I is an anterior band of spines made up 
of 3 to 5 irregular rows, which are weakest in the pleural region. The spines of 
the dorsum are less numerous but stronger than those of the venter and stronger 
than those of any other segment except the anal segment, where the stigmatic 
spines are located. There is also a much weaker dorsolateral band of 2 or 3 
rows commencing near the posterior border of this segment and merging into the 
anterior row at the pleural region. All spines directed posteriorly. Segment II 
banded anteriorly with 3 to 5 irregular rows of spines, posteriorly directed, and 
somewhat weaker than those of the dorso-anterior border of segment I. Rows 
more numerous in ventral region. Segments 111 and IV likewise banded ante- 
riorly with 3 to 5 irregular rows of posteriorly directed spines slightly weaker than 
those of the preceding segment. Posterior two-thirds of segments II, III, and IV 
apparently naked. Segments V and VI with anterior bands of 3 to 5 irregular 
rows of posteriorly directed spines which are weakest in the pleural region. 
Posterior margins of segments sparsely clothed with incomplete rows of minute 

anteriorly directed spines. 
Segments VII and VIII with 
weak anterior bands consist- 
ing of from 2 to 4 incomplete 
rows of posteriorly directed 
spines which are feeble or 
missing in the pleural region, 
also posterior bands of from 
2 to 4 rows of anteriorly di- 
rected spines which are but 
narrowly sei)arated from the 
posteriorly directed sjnnes 
of the segments which adjoin 
them. Posterior bands weak 
along the dorsum. Seg- 
ments IX and X with incom- 
plete anterior bands of 3 to 5 
rows of posteriorly directed 
spines which are interrupted 
at the pleural region and 
strongest at venter. The 
posterior borders of these 
segments have more or less 
complete bands of several 
rows each of anteriorly directed spines. On segment X the posterior band is 
broken at venter, but midway to the suture which separates segment IX a 
short, though well-defined, ventral row of anteriorly directed spines can be ob- 
served. Segment XI has no well-marked anterior band of spines, although 
in some specimens there appears to be a w'eak, sparsely beset row along the 
suture that separates segments X and XI. Ventrally, near the middle of seg- 
ment XI, an irregular row of anteriorly directed spines of varying length, widest 
at venter and narrowing as they approach the pleural region, where they termi- 
nate in a small patch of 6 to 8 strong spines which are of an entirely different 
character from those which precede them. Region adjacent to posterior spiracles 
sparsely beset with weak, anteriorly directed spines, inconspicuous in most part, 
even under high magnification. Anterior to, but directly between, the spiracles 
there arise 3 to 6 strong, black, anteriorly directed stigmatic spines. Opposite 
them a somewhat similar posteroventral patch of strong anteriorly directed 
stigmatic spines. Segment XI further characterized by 2 conspicuous brown 
sclerotized spots each equal in size to one of the posterior spiracles and situ- 
ated midway between them and the ventral patch of stigmatal spines. There 
are also several pairs of papillae on this segment. These papillae are the usual 
clavate sensorial organs and are about 5 times as long as they are broad. 

The first-stage larva is metapneustic, the posterior spiracles opening near the 
apex of the la^ segment considerably dorsad of the longitudinal axis. Bucco- 



Figure Z.—Sturmia inconapicua: A, First-stage larva (X 64); 
B, bucco-pharyngeal armature of same (6r, basal region; ir, 
intermediate region; or, anterior region; aad, sclerite of the 
salivary duct; Ip, lateral plates; mt, median tooth) 
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pharyngeal armature \sithout articulations. (Fig. 3, B.) Anterior Jateral plates 
(Ip) lightly pigmented and irregularly shaped; the sclerite of the salivary duct 
laad) large, somewhat shoehorn-shaped with a slender ventral appendage; 
anterior region (or) with a median tooth (mt) directed straight downw^ard, 
moderately thickened and pointed at tip, bearing on the upper half of its anterior 
edge a series of 4 or 5 distinct, though minute, accessory teeth. Behind the 
teeth and arranged in parallel formation are a number of well-defined striae. 
Basal half of anterior region lightly pigmented. Intermediate region (ir) defined 
on its dorsal anterior edge by a slight hump and on its ventral posterior edge by 
a marked indentation of the basal region. Upper wing of the basal region 
(hr) abruptly curved, at its widest part licarly one and one-half times the width 
of the intermediate region; lower wing w^eakly sclerotized at apex and about one- 
half the size of the uppei one. 

Stage ^ (fig. 4, A). — Length and width variable. Average measurements 2.0 
to 2.5 mm by 0.80 to 1.0 mm. Segment I wdth dorsal and ventral spinous areas 
composed, respectively, of 4 and 7 irregular row^s of posteriorly directed spines. 
Pleural region bare. Segments II and III with complete anterior bands com- 
posed of 5 to 7 rows of posteri- 
orly directed spines, weakest 

in pleural region and strongest 'P ' / .V ‘ 

at venter. Spines of segments ' v ^ . ..i 7' ’':'::^ 

1 and II stronger than those ‘ . ... X 

of any other segments. Pos- •• • v.V - ' 

terior borders of segments I W;. • .. ' •’ 

and 11 bare. Segment 111 ; ‘7 ^ V . ' P- iP' 

with a few weak, scattered v;: P'*'’ * 

^ines in the posterior region. A * ' " 

Segment IV with a complete " 

anterior band composed of 5 
or fi rows of ]) 08 tcriorly di- 
rected sj)ines, also an incom- 
plete ventroposterior band of 
anteriorly directed spines of 
the same strength which end 
in the pleural region. Seg- 
ment V with an anterior band 
(sometimes narrowdy inter- 
rupted at dorsum) of 4 or 5 
rows, which are directed 



posteriorly, and a posterior 
band of anteriorly directed 
spines of the same strength, 


Fiourk 4—iSturmia incompicua: A, Second-sta«e lurva (X 26); 
B, bucco-pharyuKeal armature of same (a, joint separating 
mandibular hooks from intermediate section) 


which is also interrupted at 

dorsum. Segments VI to IX with complete bands of w eak spines composed of 5 
to 7 rows bordering their anterior and posterior margins. The spines of the ven- 
tral region are stronger than those of the dorsum. All spines bordering the anterior 
edge of segments directed posteriorly, those of posterior edge directed anteriorly. 
Segment X with weaker and narrower bands of 3 to 5 rows of posteriorly directed 
spines on its anterior margin. Spine rows of venter more numerous than those 
of dorsum. Posterior margin of this segment partially banded (interrupted at 
venter), with numerous irregular rows of anteriorly directed spines much weaker 
than those of the preceding segments. Segment XI wdth no well-defined anterior 
spine bands, but entire dorsum lightly beset with weak spines and the pleural 
and ventral regions feebly spinose. Posterior region with 5 or 6 irregular rows 
which vary greatly in strength and arrangement. At venter, between these rows 
and the sutuie, a consj)icuous ventrolateral patch of w^eak, anteriorly directed 
spines. Extreme posterior region bare. Stigmatic spines and sclerites of anal 
segment, which are characteristic of the first-stage larva, not present in this 
stage. 


Anterior spiracles, if present, inconspicuous and difficult to locate. Posterior 
spiracles located, as before, on dorsal surface of anal segment and appearing more 
robust than those of the preceding stage. 

The bucco-pharyngeal armature is shown in Figure 4, B. In this stage there 
is a well-marked joint (a), which separates the now paired mandibular hooks from 
the intermediate section. 
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Stage 3 (fig. 6, A). — I«ength and width variable. Average measurements 8.0 
to 9.0 by 3.0 to 3.5 mm. Head bare except about the mouth, where there is a 
small patch of posteriorly directed spines. Two pairs of sensory organs con- 
spicuous. Segment I, anterior edge bordered dorsally and ventrally with 6 or 
7 irregular rows of short, black, posteriorly directed spines; pleural region weakly 
spinose (3 or 4 rows); posterior region having few weak spines, in most part out- 
wardly directed. These spines (fig. 5, B) are nearly colorless, unusually long and 
hairlike, and in decided contrast to those of the anterior border. Segment II, 
anterior border with 7 or 8 rows of short, black, posteriorly directed spines, 
strongest in the dorsal and ventral regions; posterior region less thickly clothed 
with hairlike spines, those nearest the margin, at least, directed anteriorly. 
Segments III to X with complete anterior bands of 5 or 6 irregular row's of poste- 
riorly directed spines, in most part hairlike, w'eakest in the pleural regions and 
strongest ventrally; posterior regions of these segments thickly clothed with the 
same type of spines, anteriorly directed; intermediate regions less densely spinose. 
Anal opening situated on posterior margin of segment X, on ventral side. Space 

around opening, which is as 
large as that from which one 
of the x)osterior spiracles 
arises, bare and entirely sur- 
rounded bv black spines. 
Segment Xl with anterior 
border clothed with several 
rows of hairlike spines, in 
most part posteriorly direct- 
ed. Posterior extremity, 
ventrad of the spiracles, de- 
fined by a w'eak suture bor- 
dered anteriorly by a dense 
ventropJeural band of an- 
teriorly directed spines; im- 
mediate region either side of 
this band less thickly beset 
with weak, colorless spines. 
Except for the bare area ad- 
jacent to the spiracles, which 
is broadest ventrally, and 
the narrow ventral anterior 
border of the posterior ex- 
tremity, which is nearly bare, 
the segment is thickly beset 
with anteriorly directed, 
short, black spines, similar 
to those which form the an- 




JijuuKu !>.—Sturmia tnconspicua: A, Third-stage larva (X 7.6); terior hands of seirments T 
B, dorsal view of segment II of same, showing type and ^ 

arrangement of spines; C, posterior spiracles of same; D, Jl. I'osterior spiracles 

bucco-pharyugeal armature of same (fig. 5, 0) opaque brown or 

black, protuberant, their 
stalks directed obliquely upward, about as long as broad. Each spiracle with three 
light brownish respirato^ slits, varying somewhat in length and arrangement, 
located on top of well-defined ridges. In the slide mounts it is difficult, because 
of their irregular elevation, to obtain a good perspective of the posterior spiracles. 
Usually they appear as in Figure 6, C, although they are frequently distorted so 
that only two of the slits are visible. Anterior spiracles, if present, inconspicuous 
and diflficult to locate. 


The bucco-pharyngeal armature is represented in Figure 6, D. In this stage 
there are three articulations which can be readily discerned, although in some 
cases the segmentation between the intermediate and the anterior regions is 
not clearly defined. Other differences separating this stage from the preceding 
one are the elongation of the laterally paired mandibular hooks, the subsequent 
modification of the sharp angles which characterized the anterior region of the 
second stage, and the very distinct formation of the intermediate section. 


THE PUPARHJM (fig. «) 

Length ^d width variably specimens as small as 3 by 1 mm and as large as 7 
by 3 mm have been noted. tJsu^y opaque brown or black, but sometimes light 
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brown and semitransparent, never shining. The long hairs borne on it give a 
dull ajmearance and also favor the accumulation of dirt. Posterior spiracles 
(fig. 6, B and C) located just above the horizontal axis and separated at base by 
a distance about equal to their width, conspicuously protuberant, the stalk shining 
black, directed obliquely upward, about as long as broad, each spiracle and three 
brownish slits each located on top of a well-defined ridge. Button small, located at 
inner edge of spiracular plate and, in some cases, poorly defined and appearing as 
a minute shining black dot some distance from the edge. At the base of the tuber- 
cles which form the spiracles, below and between them, is a slight elevation with 
a median depression . Prothoracic spiracles inconspicuous and, if present, extremely 
difficult to locate on the external surface of the pupariiim. Anal opening large, 
located far below the posterior spiracles, near the posterior border of segment X. 

SEASONAL HISTORY 

In Europe the species passes the winter as a fii-st-stage maggot 
within the cocooned larva of several species of the old genus Lophyrus 
(sawflies) and in the 
overwintering larva 
of Dendrolimus jdni 
L. At the begin- 
ning of sprmg the 
hibernating maggot 
develops to matur- 
ity and, in the case 
of a sawfly host, 
escapes from the co- 
coon through a cir- 
cular opening cut at 
one end. The pupal 
period is about two 
weeks long . The 
adult then issues, 
mates, and in about 
another two weeks 
attacks those hosts 
which are suitable 

for its perpetuation. Fiuukk fi.—Slfurwia i«cowsp/fwa.’ a, Puparium, Jater»I view (X 8); 

The mflwynf, nf fhp n, ventral view of posterior end held at an anulo of 45® (o, stii?- 
, mala; 6, anal opening); (', posterior spiracular plates 

next generation de- 
velops rapidly within the parasitized host larva, some indivi- 
duals completing their larval development in six days. The adults 
of this generation (summer generation) appear about a month later. 
They behave as did their parents, mating and later ovipositing upon 
certain host species which are then available. As a rule it is the 
progeny of this generation that hibernate, although there are appar- 
ently some individuals which emerge, thereby forming a paitial third 
generation. At the Budapest laboratory oviposition by the flies of 
the summer generation was obtained as late as September 12 on 
Porthetria dispar in which development had been retarded for sev- 
eral weeks. Their progeny did not attempt to hibernate, but com- 
pleted their development, issued, and gave adults between October 
20 and 27 — that is, after 38 to 45 days. These adults were then 
mated and later successfully deposited eggs on Plusia gamma L. 
and Noctua c-nigrum L. (Agrotis c-nigrum L.). 
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LIFE HISTORY 

MATING 

As is usual among the tachinids, the males issue first. Several days 
elapse between the neight of their emergence and that of the females. 
Mating of the species was readily obtained in cages measuring 14 by 
16 by 36 inches. These cages were of wood frame and covered with 
clotli with the exception of part of the front, which was celluloid. 
One cage would accommodate 300 flies. In shell vials, 2 by 8 inches, 
and in smaller containers mating was not so easily obtained. 

Usually the females are several days old before mating is effected. 
In other species instances have been recorded of the males mating 
with females whose wings were scarcely dried. Of the several thou- 
sand flies observed at this laboratory, such an occurrence has not 
been recorded. 

According to observations made at the Budapest laboratory, the 
mating flies prefer the bright sunlight. It was found that when the 
flies were moved from the laboratory into the bright out-of-door light 
mating would take place at once. At the Melrose Highlands, Mass., 
laboratory, however, the flies apparently mated very well in the 
semidarkened laboratory. 

The pairing of the species is usually preceded by a momentary 
struggle of the flies; they then settle down and remain more or less 
stationary for a variable length of time. Ordinarily the flies remain 
in coitu for several hours, and frequently those taken from the 
cages during the evening remain so until the following morning. In 
some cases, however, a pair will separate in less than an hour even 
though there is no obvious disturbance. Of nine pairs removed from 
the cages June 8, the time spent in coitu was: IJi hours for one pair, 
4}i hours for four pairs, and more than 5 hours for the remaining 
pairs. 

Males that have mated once will do so a second time and the 
result of the second union is successful. Females seen in coitu from 
15 minutes to 1 hour have been observed to separate and remate after 
a short time, the second mating continuing for more than 6 hours. 

PREOVIPOSITION PERIOD 

In 1928 adults began to issue from the first installment of imported 
material upon its arrival at the laboratory on May 18, and continued 
issuing until the middle of June. 

On May 31 and June 1, 20 pairs of flies (in coitu) were taken from the 
cages, placed in separate containers, and their behavior noted. Dis- 
section of so.me females five days after fertilization showed the uterus 
swollen to tnany times its original size and packed with minute, 
elongated maggots each inclosed within a thin membranous eggshell. 
Occasionally a marked difference in the development of the eggs 
within the uterus was noted, those at the anterior end being semi- 
transparent and motionless while those at the posterior end con- 
tained fully dev^eloped maggots, some of which were active. By 
actual count there were 97 maggots in the uterus of one female and 
102 maggots in that of another. 

After the third day of mating, various host larvae were presented 
to the flies in an attempt to obtain oviposition. This procMure was 
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continued daily up to the time of oviposition, which usually did not 
occur until 12 to 14 days after mating. The minirnuni peiiod for 
preoviposition was obtained from two females taken in coitu June 8 
and separating after two hours. Seven days later these two flies 
oviposited on the penultimate-stage larvae of the sawfly Neodiprion 
dyari. In every other instance where flies of this age were used the 
results were negative. They would either appear frightened or show 
no interest whatever in the caterpillars before them. 

OVIPOSITION 

Oviposition has been repeatedly observed. The fly faces the host, 
and, with its ovipositor extended between its legs, calmly proceeds to 
attach an egg to the skin of the host larva. Often the fly will stand 
at almost the maximum distance away from the host larva, so that 
tin active larva could easily crawl out of range. This behavior was 
apparent when the species was confined with Hyphantrm cunea Drury 
or Diacrima virginica Fab. Oviposition was frequently attempted on 
the rapidly moving larvae, but rarely were the flies able to deposit 
their eggs. As a rule, once a larva escaped, the parasite would not 
only fail to follow it up, but apparently lost all interest in it. With a 
less active species of host, especially the tenthredinids, the flies were 
more persistent and deposited many eggs. In certain species of this 
family a larva when disturbed raises the anterior portion of its body 
and jerks its head backwards and sideways until relieved from alarm. 
This behavior on the part of the species observed was futile, however, 
so far as Sturmia inconspicm was concerned. Such action may have 
delayed oviposition, but eventually the flies succeeded in their attack 
and deposited many eggs. 

The fertilized female, wdien given preferred host material, did not 
exhibit the degree of excitement noted among some other tachinids. 
This was also true of the females that had been held back after 
fertilization for experimental purposes. Only rarely did any of the 
flies exhibit excessive eagerness to oviposit, even under what were 
considered to be ideal conditions. 

Sensing of the host by tapping it with either the front feet or the 
antennal organs was not a prerequisite to attack, although the flies 
would often go through with these preliminaries. Motion, even of 
inanimate material, seemed to supply the necessary stimulus, and 
occasionally they would attempt oviposition on the forceps or brush 
as it was being withdrawn from the vial which contained them. 

Oviposition was obtained at all hours of the day. Night conditions 
were simulated as nearly as possible, but the flies that would oviposit 
by day would not do so in darkness. 

Apparently the flies will deposit their eggs on any part of the host. 
Perhaps the pleural region received the most eggs. If so, it w as simply 
because this region was most accessible. As a rule, the eggs were laid 
perpendicular to the lonritudinal axis of the host larva, although they 
were frequently found otherwise. Eggs deposited on the head capsule 
and on the dorsum where the integument is tliickest have been noted. 
When they are laid on the head it is not known to a certainty that 
the maggots succeed in penetrating. If not, they probably die, for 
in no instance has any migration of the maggot been observed. A 
maggot hatching from an egg laid on the dorsum of Neodiprion dyari 
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or Porthetria dispar has no difficulty in penetrating. In other species 
the maggot might experience some difficulty, but no information con- 
cerning this point is available. At the Budapest laboratory, when 
eggs were laid on the proleg of P. dispar y the maggots were successful 
in reaching the body cavity. Eggs deposited on the sides of the 
thoracic segments have the best chance of survival, as the host larva 
is then unable to crush them. No data are available, however, which 
could possibly be interpreted to indicate that the fly was aware of 
this fact. 

In confinement the number of eggs deposited on a single host is 
governed largely by the fly^s eagerness to deposit or by the length of 
time that the host is subject to attack. 

Slurmiu inconspicua sliovvs a preference as to its hosts. Tliis is 
illustrated by the following experiment: Larvae of various stages of 
Porlhetria dispar y Mala^osoma americana Fab., M. dissiria Hbn., 
Hemerocampa leucostigma A. and S., and Neodi/prion dyari were placed 
in a cage with a number of S. inconspicua and allowed to remain until 
the next day. Subsequent examination of this material showed all 
the larvae free of eggs except the N. dyariy which were heavily in- 
fested. Other experiments were of a confirmatory nature. For 
instance, if inconspicua were placed in the same cage with Diprion 
simile and N. dyariy their interest would eventually center upon the 
latter. Furthermore, flies actively engaged in attacking N. dyari 
when transferred to P. dispar or Malacosoma spp. failed to exhibit the 
same eageniess to oviposit. Wlien those hosts were rejflaced by 
N, dyariy the flies resumed their former interest. 

LONGEVITY 

Under laboratory conditions SHrmiu inconspicua is a hardy species, 
there being little difficulty in keeping the flies in good condition. 
Individuals well cared for by daily feeding and cleansing of con- 
tainers lived for 4 or 5 weeks. An instance was observed in which 
two females, removed from the mating cages, in coitu with males, 
on May 31 and used daily in reproduction experiments, lived for 42 
days. A case of one female fly living for 112 days has been recorded 
at the Budapest laboratory. 

PARTHENOGENESIS 

Virgin females showed little interest in the usual hosts and, although 
they occasionally attempted oviposition, they were never successful. 
Furthermore, dissection of the flies revealed no ^g development 
whatever. Parthenogenesis is therefore unlikely. The fact that no 
infertile eggs were deposited by any of the flies is interesting. In 
Carcelia laxifrons VilL, Phorocera agiliSy and other tachinids, even 
though the female is unfertilized, the eggs will descend into the 
uterus and eventually be deposited. 

DEVELOPMENT OP THE LARVA 

From egg deposition to the complete disappearance of the maggot 
within the host is a matter of 5 to 10 minutes only. The maggot 
hatches immediately from one end of the egg and bores its way mto 
the ca^rpillar, the chorion of the egg collapsing simultaneously with 
the exit of the maggot. Its progress is then arrested and it soon 
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becomes enveloped within an integumental funnel caused by an 
ingrowth of the body wall of the host. Apparently there is no attach- 
ment to any of the tracheae, but the maggot obtains its supply of air 
directly from the exterior by way of the funnel, in which its posterior 
stigmata are ti|?htly fitted. This funnel is cone-shaped, the basal 
portion being highly sclerotized, dark brown to black, and gradually 
fading out into a lighter shade anteriorly until it becomes hyaline and 
difficult to see. The entire first and second stages and a part of the 
third stage are spent in this fixed position. The maggot then leaves 
its funnel and wanders freely in the body of the caterpillar. It is 
thought to remain thus for at least a day. This belief is strengthened 
by the fact that, when nearly mature third-stage maggots are dissected 
out alive and are allowed to remain on a watch glass with the dead 
host material, they will feed and complete their development and 
produce perfect adults. Under such conditions several maggots have 
lived for more than a day before transforming to pupae. 

Sometimes the attack of the parasite does not bring about any 
definite reaction from the host larva other than a slight contraction 
of the segments at tlie moment of oviposition. Certain individuals 
seem to be totally unaware of the entrance of the maggot and display 
no apparent discomfort. Others move constantly about, throwing 
back the head and trying to dislodge the burrowing maggot. A 
parasitized larva, when exposed to a second attack one to seven days 
later, behaves precisely as does one suffering its initial attack. Appar- 
ently there is no recognition of its enemy. 

Tlie time required for the growth of the different larval stages is 
variable. Over 100 penultimate-stage larvae of Neodiprion dyari 
were parasitized in one day. Dissections of this material, together 
with that obtained from other host species {Malacosoma disstriay M. 
americana^ and Porchetria dvipar)^ showed a great disparity in larval 
development. First-stage maggots were found, either alone or in 
company with more fully developed ones, in larvae that had been 
parasitized up to 12 days; second-stage maggots were found in material 
parasitized from 6 to 12 days; and third-stage maggots in material 
parasitized from 6 to 27 days. The average duration of the larval 
stages of 104 individuals was 13.9 days. Usually it was not until the 
sixth day that any stage other than the first was found, although a few 
individuals reached maturity in this time. There seems to be no 
extra development of the maggot in the uterus of females that have 
withheld their eggs for an extended period. Some of the flies w’^ere 
held in reserve and not allowed to oviposit until 27 days after fertiliza- 
tion, but their progeny did not develop any more rapidly than those 
that were treated normally. From all the available data a mean of 
3 to 6 days has been calculated as best suited to the larval develop- 
ment in each stage. These figures will account for at least 90 per cent 
of the larvae observed. It is not believed that an equal time is spent 
in each stage; in fact, there is some evidence that the second stage is 
shorter than either of the other two. 

THE PUPAL PERIOD 

Rarely does the maggot form its puparium within the host. Usually 
it cuts its way through the end of the cocoon or, in the case of a 
lepidopteran, tears its way through the skin of the host larva, crawls 
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a short distance away, and pupates. In the rearing trays the parasites 
often formed their puparia in the excrement and other debris. Owing 
to this habit and also because of the spiny nature of their sWn, to 
which all small particles will adhere, the puparia are often mistaken 
for other matter and thus are easily overlooked. 

The duration of the pupal stage of the summer generation was found 
to averse about 10.5 days. A rare exception was a minimum of 7 
days. The maximum time recorded was 18 days, but no doubt this 
could be extended almost indefinitely by lowering the temperature. 
The time spent in the puparium seems to depend somewhat on the 
sex of the individual. Of the 68 flies studied, 32 males averaged 10.9 
days and 36 females averaged 11.3 days. 

HIBERNATION 

Siurmia inconspicua hibernates as a first-stage maggot in the 
cocooned larva of Lophyrus pini and in the overwintering larva of 
Dendrolimus pini. At tne Budapest laboratory it has been observed 
that when the cocoons of pini are opened, and the overwintering larvae 
removed, those which are parasitized may be readily detected by the 
protuberance caused by the heavily sclerotized breatliing funnel of the 
parasite. Often this structure is surrounded by a dark brown scab, 
and close examination reveals a minute hole through which the pos- 
terior spiracles of the parasite maggot are discernible. Communi- 
cating with the outside in this way, the Sturmia larva passes the 
winter in a well-defined sac which is attached to the siaes of the 
funnel. 

At the Melrose Highlands laboratoiy Sturmia-infested overwinter- 
ing hosts {Diprion simile and Neodiprion leco7itei Fitch) were dissected 
in October and in February of the next year, and without exception 
first-stage inconspicua maggots were found encysted beneath the 
skin of the host larva at their point of entrance, in a manner as 
described above. 

SUPERPARASITISM 

Superparasitism is often encountered in dissection work. Several 
examples which may be of interest are as follows: One Portheiria 
dispar larva parasitized 6 days contained one second-stage and one 
third-stage ma^ot; one larva of Neodiprion dyari parasitized 6 days 
contained one first-stage and four second-stage maggots in various 
stages of development; one P. dispar larva parasitized 10 days con- 
tained one second-stage (newly molted) and three third-stage maggots; 
one N, dyari parasitized 12 days contained one first-stage and one 
third-stage maggot. 

This excessive parasitism is not always advantageous to the 
parasite. Many of the Neodiprion dyari larvae were infested with 
more than one parasite, yet the actual rearing of two parasites from 
one individual was not recorded. Evidently, in this host at least, it is 
the one parasite best fitted that survives. From Portheiria dispar ^ 
Malacosoma americana, and M. disstria several parasites have fre- 
quently been obtained from a single individual. rYom the Budapest 
laboratory Muesebeck reports three to five parasites from a single 
P, dispar larva as common, and as many as seven have been obtained. 
With these species it is probable that the number of inconspima in 
each caterpillar is limited only by the size of the host. 
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HYPERPARASITES 

According to Sitowski/ Sturmia inconspicua suffers from two hyper- 
parasites in Poland, (Hemijfenthes) Anthrax morio L. and Argy- 
ramoeba varia Fab. The parasitism by the former is sometimes 
severe. At the gipsy moth laboratory there is no record of any 
secondary parasite having been reared from material imported from 
Europe. 

COMPETITION WITH OTHER PARASITES 

This important phase of parasitism has not been studied in this 
country with sufficient throughness to warrant anything more than 
a general statement. In Europe, at the Budapest laboratory, some 
of the most interesting observations on the competition occurring be- 
tween Sturmia inconspicua and other parasites have been made by C. F. 
W. Muesebeck and his assistants. These observations® show that — 

* * * Sturmia inconspicua is able to complete development more quickly and 

thus win out in competition with two of the most common of our central European 
parasites of Porthetria dispar. When eggs of Sturmia are laid on dispar larvae 
that were parasitized as many as 8 days previously by Phorocera agilis or 5 days 
previously by Tachina larvarum L. it is usually the inconspicua larvae which first 
complete development and form puparia. S. inconspicua, when developing in 
otherwise parasite-free stock, requires from 6 to 20 days to form puparia, whether 
or not more than one inconspicua larva is present. P. agilis requires from* 17 to 
26 days and T. larvarum from 9 to 20 days under the same conditions. Since the 
average P. agilis larva requires more time than the average Sturmia, it is easily 
understood why inconspicua larvae issue first, but the case of T. larvarum is 
different. T. larvarum, on an average, requires no more time than S. inconspicua, 
most of its larvae forming puparia on the eleventh day in the laboratory. Never- 
theless, Sturmia regularly w’ins over this species in competition, and it seems as if 
the presence of inconspicua larvae must have some retarding influence on those of 
T. larvarum. Later in the season inconspicua completes development in the larval 
stage very much more rapdily than T. larvarum. Parasite-free dispar larvae 
attacked by T. larvarum on August 30 produced no puparia until October 2, 33 
days later, whereas S. inconspicua needed but from 9 to 20 days in larvae attacked 
September 21. In the summer, though, at the regular dispar season, the two 
species develop separately in about the same time. When, on the other hand, 30 
dispar were attacked first by S. inconspicua and later by P. agilis, probably only 
the larvae which would never have produced inconspicua puparia or which sup- 
ported both species produced those of agilis. Thirty mconspicua puparia were 
reared from this lot, all but one of w'hich issued before a single one of the P. agilis 
puparia which were obtained. 

From the foregoing it is evident that, because of its rapid develop- 
ment, Sturmia inconspicua is well able to hold its own even when 
competing against two of the most important parasites of Porthetria 
dispar. 

In the United States Porthetria dispar has no native parasites 
worth mentioning. Of the introduced parasites that have been suc- 
cessfully established, only three, which attack the laiger caterpillars, 
will be of interest here. These are Compsilura concinnata Meig., 
Sturmia scutellata, and Phorocera agilis , tachinid flies from Europe. 
The effect on these species of the establishment of S. inconspicua is 
problematical. So far as Compsilura is concymed, it is probable 
that an intensive competition would result in which Compsilura 
would be the loser. Should this prove to be the case, the status of 


^ StTOWSKI, L. DO BIOLOQJI PAtlORZYTOW BORECZNIKA (LOPHYKVS LATR.). (SUR LA BIOLOGIE D£8 
PABA8ITK8 DK LOPHYRUH LATR.) Rocz. Nauk Roloic/.. 14; 1-26, illus. 1926. [Original in Polish; title in 
both Poitsh and French. Summary in German, 7aii Biologic der Lophyrusparasiten, p. 22-26.] 

I Unpublished notes at the Budapest laboratory. 
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Compsilura would not be materially affected because of its extraor- 
dinary ability to adapt itself to other hosts. On the other hand, 
5. scutellata and P. agilis are peculiar to P. dispar; moreover, their 
development is comparatively slow. For these reasons it is probable 
that on occasions of periodic abundance of inconspicua they would 
indeed suffer. It has often been stated that the natural control of 
P. dispar in the European forests is due, in part, to the large number 
of species that are parasitic upon it. Here the struggle for supremacy, 
or perhaps for the perpetuation, of the parasitic species themselves, 
is as acute as in the United States, if not more so, and yet these species 
persist. It is safe to predict that the establishment of inconspicua 
in this country would in no way interfere with the continuance of the 
other species. 

The parasites of Diprion simile have been recorded by Middleton.® 
Mention is made of seven hymenopterous parasites and one taebinid, 
Phorocera claripennis Macq. (Exorista j)etiolata Coq.). Two species 
of Hyinenoptera, Monodontomerus deniipes Boheman and Ephialtfs 
(Itoplectis) conquisitor Say, and two tachinids, Phorocera claripennis 
Macq. and Winthemia quadrip'osUdata Fab., have been reared at the 

f ’psy moth laboratory. In no case were these parasites abundant. 

rom collections of approximately 1,000 larvae only five individuals 
were parasitized, and it seems unlikely that inconspicua would find 
much competition in the United States as regards this host. 

It is difficult to conceive of any instance in which the native, para- 
sites would suffer because of Sturmia inconspicua. C\n‘tainly other 
species besides Portheiria dispar and Diprion simile will be attacked, 
and the parasites peculiar to them must suffer the competition of 
inconspicua. It is by no means certain, however, that such (‘ompeti- 
tion would jeopardize the species so much as do numerous other 
factors which exert their influence entirely independent of host or 
parasite. The author knows of no instance in which a foreign tachinid 
has usurped the position of a native one. Compsilura conemnata is 
a far more adaptable species than S. inconspicua; yet, wdth all its 
reputed aggressiveness, there is little indication that its presence has 
in any w^ay proved detrimental to its native competitors. 

HOSTS 

A list of the European hosts of Sturmia bimaculata Htg. 
inconspicua Meig.) prepared by Baer includes the following species: 
Dendrolimus pini L., Lymanlria Porthetria) dispar L., L. monacka 
L., Panolis griseovariegata Goeze, Stauropus fagi L., Lophyrus jnni L., 
L. similis Htg., L. pallidus King, L. virens King, L. frutetorum Fab., 
L. socius King, L, rujus King, £. pof2/tomuaHtg.,andL. knmJurine. 

At the Budapest laboratory Sturmia inconspicua has been reared 
from several additional hosts, which are as follows: Trichiocampus 
viminalisFall.jPygaera pigraKufn.fPlvsia gammaIj.,Agr<^is c-nigrum 
L., and from two unidentified tenthredinids. 

Other host species, exclusive of Portheiria dispar and Diprion simile 
Htg,, which have been reared at the Melrose Highlands laboratory 


« MlDDtETON. W. THE 1M1»0IITED PINE 8AWPLT, U. S. JDept. Agf. Bul. 1182, p. 16, lUUii!. 1023. 
wBaer, W. Op. Cit. 
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are Malacosoma amcncana Fab., M. disstria Hbn., Hemerocampa 
leucostigma A. and S., Hydria urulukbta L., Alypia octomacnlaia Fab., 
Neodiprion dyari Rob., and Neodiprion lecontei Fitch. 

SUMMARY AND CONCLUSIONS 

Sturrnia inconspicua Meigen is an effective European j^arasite of 
the gipsy moth, Porthetria dispar L. It is also the most important 
European tachinid parasite of the introduced pine sawfly. Diprion 
simile Htg., and because of the recent introduction of this species 
in the Northeastern. States the establishment of S. inconspicna 
should prove of decided benefit. 

European authorities do not wholly agree upon the taxonomic 
status of Sturrnia inconspicua^ but according to J. Villeneuve the 
form treated in this paper is that species. 

Sturrnia inconspicua^ is indigenous to central Europe and is com- 
monly found in northern Africa. The’ first attempt to colonize 
the species in the northeastern part of the United States was m 
19()H. Between 1907 and 1910 other introductions were made, but 
during the following years all attempts to recover the species failed. 
In more recent ycai-s (1923 to 1925, inclusive) large colonies were 
liberated and in 1929 the first recovery was made. 

Superficially, the adult beai's a general resemblance to the ‘com- 
mon house fly, but on critical examination it will he found to possess 
certain character-s that are typical of the genus Sturrnia, family 
Tachinidae. The eggs are grayish and about 0.5 mm in length. 
The first-stage larva is white, more or less spinose, and characterized 
chiefly by the presence of stigmatic spines and sclerotized areas on 
the posterior segment. The bucco-pharyngeal armature is without 
articulation. The second-sta^e larva appears less spinose and lacks 
the two principal characteristics of the preceding stage. The bucco- 
pharyngeal armature has one articulation. The third-stage larva 
is characterized by a clothing of spines and long hairs and protu- 
berant posterior spiracles. The bucco-pharyngeal armature has two 
articulations. The pupariuni is brownisn black, averaging 4 or 5 
min in length, and has tuberculate spiracles each furnished with three 
spiracular slits. 

Tlie species passes the winter as a fii’st-stago maggot within the 
cocooned larvae of several species of sawflies of the old genus Lo- 
phyrus and possibly in some lepidopterous pupae. Completing its 
development in the spring of the year, the maggot issues, forms its 
pupaiium, and in about two weeks the adult emerges. There is a 
second generation, the species being able to develop on a number of 
hosts. It is the progeny of this generation which hibernate. 

The species will readily mate in confinement. Ordinarily the 
flies remain in coitu several hours. Males frequently .remate and 
the result of the second union is successful. 

The preoviposition period is variable, 12 to 14 days usually being 
retired. 

The fly attaches its eggs to the skin of the host larva. In con- 
finement the number of eggs deposited on a single caterpillar is 
governed largely by the eagerness of the individual to oviposit or 
by the length of time that the host is subject to attack. 
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Under laboratory conditions the flies will live for 4 or 5 weeks. 
An instance of one female living for 112 days has been recorded. 

The species is believed not to be parthenogenetic. 

The average duration of the entire larval stage is about 13.9 days, 
although certain individuals will mature in 6 or 7 days. The duration 
of the pupal stage averages about 10 days. 

Superparasitism is frequent, as many as seven individuals having 
been obtained from a single caterpillar. 

In Europe two species of hyperparasites attacking S, inconspicua 
are known, but none has been recorded from the United States. 

Competition with other parasites is certain to occur, but because 
of the rapid development of S, inconspicua it will probably not 
suffer in this respect. 

In addition to Porthetria dispar and Diprion similey Sturmia in- 
conspicua has been reared from many other host species, seven of 
which are native to the United States. 



CORRELATIONAL AND ALLIED STUDIES OF THE PRO- 
TEIN CONTENT, WATER ABSORPTION, LOAF VOLUME, 
AND LOAF WEIGHT OF TWO SERIES OF HARD RED 
SPRING WHEATS* 

By L. R. Waldron, Agronomist {Plant Breeding)^ and C. K. Mangels, Cereal 
Chemist, North Dakota Agricultural Experiment Station * 

INTRODUCTION 

This paper presents a comparison between two series of hard red 
sprinji: wheats. One series consisted of wheats diverse in genetic 
origin hut grown under uniform conditions of soil and soil treatment. 
Tfie second series consisted of a single variety grown on the plots of 
a rotation and fertility experimental project, located on a single soil 
type (Fargo clay) l)ut subjected annually to diveise previous treat- 
ments relative to crop sequence and soil fertilization. This paper is 
concerned with tne behavior of the two series in regard to the means, 
coefficients of variability, correlations (both total and net), and re- 
giession equations relative to the characters of (1) ])rotein content, 
(2) water absorption of Hour, (3) v^olumc of loaf, and (4) weight of 
loaf. 

REVIEW OF PREVIOUS INVESTIGATIONS 

A number of statistical studios, emphasizing correlation results in 
particular, have been published on wheat for milling and on flour 
during the past decade. The studies reported, however, have not 
usually compared different series of data with their appropriate statis- 
tical constants. No doubt this is largely due to the fact that wheat 
and flour data have generally accumulated in connection with other 
experimental work and have been used only secondarily for statistical 
studies. Studies of variatioji between groups of data have thus 
not been possible because of limitations in number and suitability. 
Attention will be paid to such a comparison in this paper. 

The first important studies on wheat and flour were those of Zinn 
{13f who used the published data from a number of experiment sta- 
tions. Zinn evidently a})preciated the limitations of the data wdth 
which he worked and called particular attention to the importance 
of their proper grouping. 

Bailey and Hendel {1) in their studies on the relation between pro- 
tein content and test weight per bushel called attention to the neces- 
sity of grouping data by crop years, and this point was emphasized 
also by Mangels and Sanderson {11) and by Mangels (<9). 

Because of the irnpoitance of protein content as a price factor, par- 
ticular attention has been giv^en to the protein-loaf volume relation. 
A summary of protein-loaf vmlunie correlation coeflicionts obtained 
by different investigators for hard red spring wheats is given in Table 1 . 

’ Received for publication Jan. 28, 1932; issued September, 1932. 

3 The authors acknowledge permission to use the data from the rotation and fertility plots kindly given 
by pr. H. L. Walster, chairman of the Agronomy Department and in charge of the rotation and fertility 
projwt: also their indebtedness to Dr. A. E. Treloar and his coworkers for the use of material from their 
study prior to its publication. 

* Reference is ratide by number (italic) to Literature Cited, p. 230. 
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Table 1. — Protein-loaf volume correlation coefficients obtained by different inveslv 
gators from hard red spring wheats 


Investigator 

Description of wheat 

Coefficient 


rNorth Dakota commercial varieties 

*-0. 009 


North Dakota pure lines 

.302 

Zlnn(/,9) 

{ M innesota commercial varieties 

. 259 

{Minnesota pure lines 

.547 


iMontana commercial varieties 

.345 

Mangels (8) 

North Dakota miscellaneous named varieties 

fc.334 

Bailey and Sherwood {S) 

Diverse wheats from Minnesota, North and South Dakota, 
and Montana. 

.271 

Hayes, Immer, and Bailey (<J). 

Diverse varieties and hybrid selections 

«. 2H0 

Coleman, Dixon, and Fellows 

(5). 

Varieties diverse as to locality and variety 

*'.432 

Larmour (7) 

Standard commercial varieties 

*.280 

Harris (5) 

Marquis wheat of the 1929 Saskatchewan crop 

^.670 

Treloar et al. (/«) 

Commercial sample milled by Minnesota State testing mill. . 

<».490 


« Zinn evidently included durum wheats which accounts for the negative ooetncient. Recalculation 
of data for the hard red spring wheats only by Mangels (5) gave a positive coefficient of 0.623. 

‘ Weighted average of 1,807 samples lor 11 crop years separately calculated. Maximum coefficient 0.647, 
minimum coefficient —0.064. 

• Weighted average of coefficients for 4 crop years separately calculated. Maximum coefficient 0.50. 
Each milled sample oonsisted of a mixture of 4 wheats, of the same kind, grown at 4 Minnesota localities. 

• Average of coefficients from crops of 1923 and 1924. 

• Three crop years, 1926, 1927, and 1928. Bromate baking formula gave coefficient of 0.711. 

f Bromate formula gave a coefficient of 0.857. 

Weighted average of 332 sumides for the 6 years, 1921-1926. 

The correlation coefficients between protein and loaf volume are 
not usually of high order. With the exception of Zinn^s comparison 
of pure lines and commercial varieties of North Dakota and Minne- 
sota spring wheats, no direct comparisons are found between different 
groups of samples. Most of the correlation coefficients reported 
were obtained from groups of samples diverse within the group as to 
variety, and often also in other respects. The highest coefficient is 
that reported by Harris {5) for a group of samples consisting only of 
Marquis wheat secured from the 1929 Saskatchewan crop. 

With the exception gf the attention given to the subject by Treloar 
and others comparatively little emphasis has hitherto been placed 
on the regression coefficients, in studies of the relationship of loaf 
volume to protein content. It has been assumed that a uniform 
relationship exists between the degree of correlation and the volume 
of the loaf. The relationship of this kind is not uniform but shows 
decided variations. The prediction value, deducible from the re- 
lationships of protein and volume, is decidedly affected by the devia- 
tions among the variates as shown bji; the regression coefficients and 
even then it may be necessary to consider additional variables, which 
find expression in the partial regression coefficients. This subject 
will receive further attention. 

METHODS 

The two series of wheats previously mentioned covered four years 
of cropping. One series, which consisted of wheats of somewhat 
diverse genetic origin was grown in the wheat-breeding nursery under 
uniform conditions each season. This series is designated as nur- 
sery.'^ The second series, which consisted of a single variety of wheat 
(Ceres) grown each year on a number of rotation and fertility plots 
diverse as to crop sequence, soil preparation, and use of fertilizers, 

designated as ^‘plots.’' 
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Since both series were grown at the North Dakota Agricultural 
Experiment Station, not more than one-half mile apart and also on the 
same type of soil (Fargo clay), they were subjected to similar climatic 
conditions.^ 

Three of the characters already mentioned are quantitative — 
protein, loaf volume, and loaf weight. The fourth character, water 
absorption, is expressed quantitatively, but the quantity used is 
estimated. 

The flours used in all these studies were 75 per cent patents, pre- 
pared on a small mill. The baking tests were made according to the 
procedure recommended by the American Association of Cereal 
Chemists, using a variable absorption. 

STATISTICAL CONSTANTS AND COEFFICIENTS OF VARIABILITY 

The means, standard deviations, and coefficients of variability for 
the two series of wheats for the four years are shown in Table 2. 


Table 2 . — Statistical constants secured from two diverse series of wheats^ from the 
nursery and from the plots, 1927 -1930 

MEANS 


Year 


Nursery or plots 


1927- . 


/Nursery. 
1 Plots.... 


1928--- 

1929 

1930.... 


Plots 
/Nursery... 
1 Plots- 
/Nursery 
t Plots.... 


Protein of 
flour » 

Water ab- 
sorption of 
flour 

1 

lioaf weight 

Loaf volume 

Variates 

Per cent 

Per cent 

Qrams 

C’c 

Number 

13.1±0.06 

63. 3d:0. 17 

136.4=k0.20 

415.0±2.11 

76 

10. 4± .06 

61. 1± .13 

136. 4d= .22 

.373. Oil. 29 

51 

14. 8± .09 

61. 2± .13 

131. 1± .24 

454. 0i4.92 

.59 

12. 2± ,09 

W>.2:fc .04 

129. Odr . 18 

484.0i4.89 

70 

10. 8± .07 

67. li: . 14 

133. 3d= . 18 1 

410.0i2.9.'’> 

81 

12. l± . Oi 

60. 7± .06 

136. 0± .16 

415. Oil. 35 

80 

13. 4± .07 

5H.5± . 10 

131. S± .25 j 

466. 0i4. 23 

58 

13.]d= .10 

63. 7± .06 

137. 4± .10 

464. 0i2. 29 

68 


STANDARD DEVIATIONS 


1927—. 

1928.-. 

1929 

1930.... 


/Nursery 

0. 76i0. 04 

2. 22i0. 12 

2. 58i0. 14 

27. lil.49 

) Plots 

.06i .05 

1.37i .09 

2.29i .15 

13. 6i .91 

/Nursery 

l.OOi .06 

1.62i . 10 

2.69i .17 

56. 6i3. 48 

(Plots - 

1.09i .06 

.47i .03 

2.20i .13 

60. 2i3. 46 

/Nursery 

.H3i .05 

1. 88i . 10 

2. 32i . 12 

39. Ii2. 09 

(Plots - 

l.Oli .05 

.69i .04 

l.Oli .10 

17. 8i .95 

/Nursery... 

.76i .05 

1. 18i . 07 

2.81i .18 

47. 7i2. 99 

\Plots 

1. 14i .07 

.61i .04 

I.13i .07 

25. Oil. 62 


COEFFICIENTS OF VARIABILITY (IN PERCENTAGE) 


1928— 


1930—. 


/Nursery.. 
(Plots 

! Nursery- 

Plots 

Nursery- 

Plots 

/Nursery.. 
\ Plots 


5.70i0 

.31 

3. 60i0. 19 

1. 89i0 

.10 

6. 65i0. 36 

6. 37i 

.43 

2. 24i 

.16 

1.69i 

.11 

3.64i 

.26 

6. 74i 

.42 

2.48i 

.16 

2.05i 

.13 

12.26i 

.87 

8.86i 

.51 

.86i 

.06 

1.71i 

.10 

12. 43i 

.72 

8.62i 

.46 

3.20i 

.18 

1.74i 

.09 

9. 64i 

.51 

8.38i 

.45 

1. Hi 

.06 

1.41i 

.08 

4.28i 

.23 

5.06i 

.36 

2.01i 

.13 

2.13i 

.13 

10.24i 

.65 

8. 73i 

.56 

.96i 

.06 

.82i 

.05 

6. 68i 

.35 


<* Protein determinations were made with the water content calculated to a uniform basis. 


The nursery group of wheats varied in its constituents somewhat 
from year to year. During the first three years a considerable propor- 
tion of the wheats were hybrid selections of the cross Marquis X 
Kota, sibs of Ceres. The remaining wheats were named varieties 
and selections from various crosses. The Marquis X Kota hybrids 
showed less variability in protein content than did the other wheats. 


< In 1928 the two lots were affected differently by rain after cutting and previous to threshing. (Table 4.) 
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but a decrease in the proportion of these wheats for 1930 did not 
result in a relative increase of variability of protein for that year. 
Any increase in variability that may have occurred from a diminution 
in number of Marquis X Kota hybrids must have been offset by de- 
creases from other causes. 

PROTEIN CONTENT OF FLOUR 

Protein content may be measured with a relatively higher degree 
of accuracy than other characters, and on account of its importance 
will be discussed separately. 

The average unweighted protein content for the two series for the 
four years was 13 per cent for the nursery and 12 per cent for the 
plots! This very appreciable difference may be due wholly or in 
part to the previous cropping of the nursery wheats. This was as 
follows : 

Year Previous cropping 

1927, summer-fallowed sweetclover turned under. 

1928, flax preceded by sweetclover turned under. 

1929, oats preceded by sweetclover turned under. 

1930, cucurbits preceded by wheat, flax, and summer-fallowed sweetclover 

turned under. 

Sweetclover preceded the wheat in all cases, but immediately only 
in 1927. The 1928 crop of oats carried a heavy growth of straw, 
and unavoidably a considerable amount of stubble was plowed under. 
There seems to be no reasonable doubt but that the nitrogen available 
to the 1929 wheat crop was greatly influenced by the crop of oats. 
The probable effect of the preceding oat crop on the protein content 
of the 1929 nursery wheat is indicated by the protein present for the 
years other than 1929. The average percentages of protein for the 
years 1927, 1928, and 1930, as compared with those for 1929 are as 
follows : 

Nursery Plots 

Average for 1927, 1928, 19^0 . _ 13. 8 11. 9 

Average for 1929 — 10. 8 12. 1 

Difference 3. 0 —0. 2 

Data from rotation plots (Mangels {9)) show that a preceding crop 
of sweetclover on Fargo clay soil increases the protein content of the 
succeeding wheat crop. Further evidence of the influence of preceding 
crops is shown by the protein content of the Ceres samples from the 
nursery samples and the Cores averages for the plots. These compari- 
sons are given in Table 3. 


Table 3. — Protein content of Ceres wheat when grown in the nursery and in the plots ^ 
compared with the protein content of all nursery wheals 


Year 

lYotein 
content 
of all 

Protein content of 
Ceres grown in— 

DifTerences be- 
tween— 


grown In 
nursery 
(1) 

Nursery 

(2) 

Plots (3) 

1 and 2 

2 and 3 


Per cent 

Per cent 

Per cent 



3W7 

13.1, 

12.9 

ia4 

0.2 

2.6 

1928 

14.8 ‘ 

14.9 

12.2 

.1 

2.7 

1929 

ia7 

10.2 

12.1 

,5 

1.9 

195». 


lai 

13.1 

.3 

0 

Average 

18.0 

12.8 

12.0 

,28 

1.78 
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The protein of Ceres in the nursery samples is much closer to the 
general nursery average than to the average of the plots series con- 
sisting entirely of the Ceres variety. 

The means of the characters other than protein are very close to- 
gether. The unweighted means of water absorption, loaf weight, 
and loaf volume for the four years were 60, 133.2, and 436, respec- 
tively, for the nursery, and 60.2, 134.5, and 434 for the plot wheats. 

Attention should be called to that portion of Table 2 showing the 
coefficients of variability. The comparative behavior of protein 
under modified conditions indicated previously is shown in the 
present instance. To give a clear expression to the relative differences 
of behavior of this character in comparison with water absorption, 
loaf weight, and loaf volume, the differences of variability calculated 
from Table 2 are shown in Table 4. 


Table 4. — Differences of the coefficients of variahlity between the nursery and plots 
from Table 2 for the four characters indicated, 1927-1980 

[When the ratio values {R) are 3 or more the differences may be considered significant] 


Year 

Protein content " 

Water absorption 

Loaf weight 

1927 

~0.67±0.63: R^l 

1.26Jr0.24; 5 

0.20±0. 1.*); 22 « 1.3 

1928 

-2. 12± .66; A *3. 2 

1. 63± . 17; /?« 10 

. 34± . 16; i2«2. 1 

1929 

.24± .64; .3 

2. 15db .19; /e-11 

.33dr .12; 22-2.8 

1930 . . 

--3.08± .66; /t:»4.7 

1. 05d= . 14; 7 

1.31± .14; 22-9.4 


Loaf volume « 


2.91db0.44;.i?«7 

5. 20± . 66; JK«=9 
4.66± .74; R=>6 


« Minus differeiKfes indicsite that the variability of the plots is more than that of the nursery samples, 
b The slightly greater variability in loaf volume for the jdots in 1928, in sharp contrast to that obtained 
for the other years, may easily be due to a disturbing element of that year. The wheat from the plots was 
subjected to heavy rains while in the shock, whereas the nursery samples were subjected to little or no 
extraneous moisture before threshing. 


Considering the coefficients of variability for proteins, one finds 
that the variability of the plots is greater in three of the four years. 
In twt) of these three years (1928 and 1930) the variability of the pro- 
tein content from the plots is significantly the larger. 

A closer study of the data on protein content shows that the nursery 
samples exhibited greater variability than would be expected from a 
group of Ceres samples taken at random. In 1927 and 1928 more than 
half of the nursery samples were sibs of Ceres, resulting from the 
same cross, while the remainder were miscellaneous in character. 
The coefficients of variability for these two gi'oups for the two years 
were calculated and are shown in Table 5. 


Table 5. — Coefficients of variability fot protein content of nursery samples that were 
sibs of Ceres as compared with those that were miscellaneous in character, 1927 
and 1928 


Kind of samples 

Variability of protein con- 
tent in— 

1927 

1928 

Miscellaneous 

Sibs of Ceres 


8.63±0.80 
3.41d= .23 

7. 51d:0.78 
3.84dr .24 

DifferAiicA 


6.l2:i; .83 

3.67dr .82 
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The protein content of the miscellaneous wheats when grown under 
uniform conditions is seen to be decidedly more variable than the 
Ceres sibs similarly grown. However, the Ceres variety, grown on 
the rotation and fertility plots, shows more variability among the 
different samples than do the samples from the nuraery. 

Another comparison may be made by securing differences between 
the coefficients of variability of the protein content of the Ceres sam- 
ples from the plots and of the Ceres sibs from the nursery, for 1927 
and 1928. The values are shown in Table 6. 


Table 6 . — Coefficients of variability for protein content of Ceres samples from the 
plots as compared with samples from nursery Ceres sibsy 1927 and 1928 


Kind of samples ' 

1 Variability of protein con- 
tent in— 


1927 

192H 

Ceres from plots 

Ceres sibs from nursery 

6. 37±(). 43 
3.41db: .23 

8. m±0. 51 
3.84±; .24 

Difference - - - 

2. Q6d: . 49 

6.02± .56 



The evidence for the greater variability of the protein content of 
the samples from the plots is very definite for three of the four years. 
For 1929, when wheat followed oats, the difference, which is negative, 
is not significant. In this case the nursery samples had a relatively 
high standard deviation associated with a comparatively low mean. 

So far as the present studies show, the preparation of the soil, crop 
sequence, and use of fertilizers, generally, have a greater influence on 
the protein content of wheat than do differences in genetic origin of 
wheat. Differences in protein due to genetic origin, while important, 
evidently are not responsible for as much variation as differences in 
soil fortuity. 

LOAF VOLUME, LOAF WEIGHT, AND WATER ABSORPTION 

The means of loaf volume, loaf weight, and water absorption show 
no uniformity as to differences in value between the nursery and the 
plots, but the coefficients of variability are almost uniformly larger for 
the nursery samples as shown in Table 4 . Only one exception is found 
in the 12 possible comparisons. The coefficient of variability for loaf 
volume for the plots for 1928 is slightl^^ the greater, but this is prob- 
ably due to spirout damage in the rotation plot samples. In 8 of the 
12 cases, the differences are strikingly significant. 

A distinct difference in variability is found between protein and the 
other three characters. Protein content responds readily to soil dif- 
ferences, whereas water absorption, loaf weight, and loaf volume 
respond to varietal differences. Of the three characters, loaf weight, 
loaf volume, and water absorption, loaf weight responds least and 
water absorption most, to varietal differences. 

CORRELATION DATA 

Co|T6lation coefficients were computed between the variables for 
the tim series. In addition to the total correlation, partial correla- 
were calculated. Evidently very little use has been made 
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of partial correlation coefficients when studying wheat and flour data. 
These data seem to offer an excellent field for the application of the 
partial correlation. Certainly the problem allows closer approach 
when, for example, a direct relationship can be established between 
protein and loaf volume without the interference of such variables as 
water absorption and loaf weight, which for this purpose can be made 
constant. 

The entire series of partial correlations are presented. A number 
of these may possess only minor interest, but they are listed since the 
general problem demanded their calculation. The coefficients of the 
zero, first, and second order are shown in Table 7. The weighted 
means of the correlation coefficients, calculated by the method of 
Fisher (4, p. 770), are presentea. 

Table 7. — Total and partial correlation coefficients and weighted averages secured 
from two diverse series of wheats^ from the nursery and the plotSf calculated from 
the four characters shown, 1927-1930 

1 (Correlations given in columns 4, 6, arul 6, represent values when element, or elements, at head of the 

columns was held constant] 

PttOT EIN-VO LU E 


Year 

Nursery or i>lot 

Zero 

order 

’ Loaf 

1 weight 

Water ab- 
sorption 

Weight 
and ab- 
sorption 

Variates 

1 

1 

\ 

/Nursery 

1 Plots 

/Nursery 

[Plots 

/Nursery 

(Plots 

/Nursery 

(Plots 

0.606 
.683 
‘*.861 
.712 
•. 322 
.674 
583 
.850 

0. 496 
.716 
.350 
.616 
«*. 307 ! 
.684 
“. 430 
.853 

0. 508 
.683 
« 262 
.711 
«. 337 
.666 i 
». 678 
.848 

0.480 
. 746 
“. 155 
.616 
<‘.298 
.076 
<*. 367 
.852 

76 

51 

59 

70 

81 

80 

68 

68 

Average, nursery 

- - 

.441 

.398 

.427 

.337 

«»274 

Average, plots 


.736 

.722 

.732 

.726 

*269 


PK0TE1K-\V EIGHT 


Year 

Nursery or plot 

Zero order 

Loaf vol- 
ume 

Water ab- 
sorption 

Volume 
and ab- 
sorption 

1927, 

1928 

1929 ... .. 

1930 

Average, nursery. 

Average plots . 

/NUrsery 

(Plots . 

/N mrsery. . 

(Plots.. ... 

/Nursery — 

(Plots 

/Nursery 

(Plots 

-0. 124 
-. 125 
-»-,066 
-.488 
101 
-. 334 
438 
-. 148 

-0. 044 
~. 316 
.047 
-.200 ! 
<•-.011 
-.366 
-. 102 
.200 

-0. 239 
-.221 
-.278 
-. 486 
196 
334 
<*-. 499 
-. 139 

-0. 147 
456 
-. 182 
-. 199 
-.108 
-.365 
134 
.207 

1 1 

SS 

-.028 

-.190 

1 1 

si 

-. 140 
-.246 


PROTEIN-ABSORPTION 


Year 

Nursery or plot 

Zero order 

Loaf vol- 
ume 

Loaf weight 

Volume 
and weight 

1927 

/Nursery 

0.077 

0.092 

0.219 

0. 167 

1928 

(Plots 

/Nursery 

.078 
<*.412 
-.066 
«. 198 
138 
.271 
.273 

.067 
». 344 
-.027 
.223 
-.018 
.254 
.244 

. 198 
-.481 
-.007 
‘».267 
138 
.363 
.269 

.352 

<*.381 

-.009 

.246 

-.018 

.281 

.260 

1929 

(Plots 

(Nursery 

1930 

(Plots 

/Nursery 


(Plots 

Average, nursery.. 


.263 

.239 

.321 1 

.263 

Average, plots — 


.027 

.056 

.066 1 

.120 
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Table 7. — Total and partial correlation coefficienta and weighted averages secured 
from two diverse series of wheats^ from the nursery and the plotSf calculated from 
the four characters shown^ 1027-1939 — Continued 

ABSORPTION-WEIOHT 



Year 


N ursery nr plot 


1927 

1928 

1929 

1930 


/Nursery- 

\ Plots 

/Nursery.- 
'\Plot8— . 
/Nursery... 

■ \ Plots 

/ Nursery. . 

■ 1 Plots 


Average, nursery - 
Average, plots 


Zero order 


-0. oor> 

.042 
“.298 
-.063 
-.040 
-. 186 
. 112 
. J 72 


.076 


'roteiii 
and weight 



-. 021 
-.074 


. 133 
.127 


VOLUME-WEIGHT 


Year 


1927 

1928 

1929... 


Average, nursery . 
Average, plots — 


fNbrsGry.. 
i Plots 


Nursery or plot 


/Nursery.. 

1 Plots 

/Nursery.. 
I Plots 


). 172 
. 151 
.282 
. 516 
.283 
.097 
.700 
. 29.3 


.362 

.219 


Protein 

content 


-0. 127 
.326 
-.280 
-. 275 
'>-.265 
. 183 
-. 631 
-.320 


~. 293 
-.027 


Water ab- 
sorption 

'•-0.227 
. 1.69 
-.471 
-.614 
290 
09.6 
»-.724 
-.288 


-.426 

216 


Protein 
and water 
absorption 

«-0. 127 
.434 
-.429 
-. 27.6 
243 
. 182 
»-.6JK 
-.324 

-.344 

004 


® These pairs show signihcant differences. Any values of the w*eighted means numerically larger than 
0.130 may bo considered to show a signiflcant difference. 
h Total. 


The coefficients in Table 7 are not accompanied hy their probable 
errors. In lieu of giving the probable error’s, 5 P values for n = 45, 
50, 60, 70, and 80 from Table V. A. of Fisher (4) are shown in Table 8. 

Table 8. — Correlation coefficient values for selected levels of significance {from 
Fisher) for coefficients shown in Table 7 



P-0.1 

/'«0.05 

P-0.02 

r^-p.oi 

46 - _ . 

0. 243 

0.288 

.273 

.260 

.232 

0.338 

.322 

0.372 
.364 
.325 
. 802 

60 

,231 

«0 

.211 

.196 

.183 

. 296 

70 

.274 

.257 

80L..U.1 

.217 

. 288 
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In using these P values it must be remembered that n represents 
the net number of variates after deduction has been made from n* 
( = total variates) to secure the proper number of degrees of freedom. 
For the total correlation — 2 and with each variable held con- 
stant, an additional unit is taken from n', this last-named value 
equaling the total variates involved. Simple interpolation can be 
used for in-between values of n. Coefficients with values larger than 
those indicated naturally have P values less than those shown and 
are of greater significance. The pairs of correlations that have 
differences with P values of 0.05 or less (Table 7, footnote a) show 
significant differences. 

PROTEIN-VOLUME COEFFKUENTS 

Most of the zero-order protein-volume coefficients are fairly high. 
The correlation is uniformly higher for the plots, and in three out of 
four cases the difference is iarge enough to be significant. 

Coefficients of correlation jireviously reported in the literature for 
the protein-volume relation have been .summarized in Table 1. The 
average of the nursery for four years is 0.441, which is somewhat 
higher, but comparable to, the coefficients summarized in Table 1. 
The average of the plots, however, is 0.735, which is considerably 
higher than other coefficients reported, with the exception of the 
value 0.670 reported by Harris (5). 

Coefficients of correlation which have been calculated from diverse 
strains of varieties and without regard to crop year probably do not 
represent as sharp reactions between protein and loaf volume as one 
finds in commercial mills where one wheat variety from one crop 
very often dominates the blend of a mill uiix. 

If the variety factor is held constant, therefore, as in the plots, 
there is a relatively high degree of correlation, averaging 0.735, 
between protein and loaf volume. This correlation for the plots 
would be sufficiently high to justify the payment of substantial 
premiums for protein content. The question arises in this connection 
whether these samples have been subjected to as much divei'sity as 
would a series of samples taken from a commercial mill. In the present 
instance the run of the weather for parts of four years is represented, 
rather than that from geographical weather variations of a single year, 
which one would look for in a commercial lot. In a commercial lot, 
also, a diversity of soil types and an apjireciable amount of varietal 
difference w'ould affect the degree of correlation between protein and 
loaf volume. 

Not only are the zero-order protein- volume coefficients of the plots 
decidedly larger than those from the nursery, but their value is main- 
tained better when the other two components, weight and water 
absorption, are held constant, either singly or together. In case of 
samples from the nursery, weight and water absorption contribute 
a significantly larger amount to the total correlation than do the 
samples from the plots. In the latter case also, the average decrease 
in coefficient values for the 12 possible comparisons is but 0.008 in 
comparison with the corresponding average of 0.060 for the nursery 
correlation. The difference for these two values is significant. When 
weight and water absorption are held constant, the 4-year average 
change from the total correlation for the plots is 0.008 as compared 
with 0.116 for the nursery. 
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When a single variety is grown under diverse conditions, the total 

g rotein-volume correlations are less affected, in this comparison, by 
olding weight and absorption constant than when several varieties 
of wheat are grown under the same conditions. This is merely a 
suggestive conclusion, as there are too few comparisons for significance. 

•VARIATION IN WHEAT PROTEIN-VOLUME AND FLOUR PROTEIN-VOLUME 

CORRETATION 

Zinn (1 3) found high correlations between protein of wheat and protein 
of flour. Treloar and others (!£) determined the correlation coefficient 
between the protein in the flour and in the wheat and found a weighted 
average value of 0.948 for a period of six years. The correlation 
coeflficients between these two characters and loaf volume ran closely 
parallel for the various years, the two weighted averages not showing 
a significant difference.' In such cases, it would evidently matter but 
little whether the correlation dealing with loaf volume was concerned 
with the wheat or with the flour protein. Since the flour used in this 
case was a comparatively short patent (75 per cent) it seemed advisable 
to determine correlations in regard to this point. Wheat-protein 
data were lacking for the nursery samples for 1927, and results arc 
presented for three years only in Table 9. 

Table 9. — Correlation coeffidenta between protein in wheat and protein in flour and 
the correlation of each of these with loaf volume for the samples from the nursery 
and the plots^ 19281980 “ 


Correlation coefliclenta in— 


Characters correlated 

1 1928 

1929 

1930 

Nursery 

Plots 

Nursery 

Plots 

Nursery 

Plots 

Protein in wheat and in flour 

0.953 

0.978 

0.827 

0.980 

0.807 

0.988 

Protein in wheat and loaf volume 

.324 

.777 

.330 

.048 

.473 

.854 

Protein in flour and loaf volume 

.3.51 

.712 

.322 

.674 

.583 

.850 


« The significance of these correlation values can be obtained from a reference to Table 8. 


The correlations between protein in wheat and protein in flour are 
lowest in all cases for the nursery samples. Differences are strongly 
significant for 1929 and 1930. It seems rather likely that correlations 
between the protein content of wheat and flour are greater where 
only one variety is concerned, even though grown under diverse 
conditions, than where several varieties are involved, even when 
these are grown uniformly. 

For 1930 the correlation between wheat protein and loaf volume is 
appreciably lower than that between flour protein and loaf volume 
for the nursery plots. In 1929, however, the correlation for the nurs- 
ery samples between wheat protein and volume is slightly higher than 
that between flour protein and volume. 

In 1928 a lower correlation was found between flour protein and loaf 
volume for the plots, but the reverse was true in 1929. From the 
foregoing, one can not conclude that there is any great advantage in 
using the flour-protein figure as compared with wheat protein even 
though the correlation between the two protein contents is not 
extremely high in some cases. 
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CORRELATION OF PROTEIN TO WEIGHT 

The zero-order correlations are negative in all cases, but only in 
three of eight cases are the coefficients significant. The changes, 
from the total to the partial coefficients when volume or absorption, 
or both, are held constant, are of no particular moment. Generally 
there is a slight tendency for loaf weight to be depressed with an 
increase of protein. For the plots, 1928, a coefficient of —0.488 is 
shown. When loaf volume, or loaf volume and water absorption 
are held constant in this case, the coefficient is reduced to —0.200 and 
— 0.199, respectively. The plot samples for 1928 contained sprouted 
wheat which likely tended to increase volume, on account of increased 
rate of fermentation, with a consequent tendency to lower the loaf 
weight. 

CORRELATION OP PROTEIN TO ABSORPTION 

The correlation coefficients between protein and absorption are 
not striking, although the majority are positive. The changes from 
the total to the net correlations arc unimportant. The correlations 
for the nursery samples are positive throughout, while for the plot 
samples there are two positive and two negative coefficients. This 
would indicate that the relation between these two characters is more 
consistent when the series is diverse as to variety and genetic origin. 
The variation between different crop years is quite large. 

Correlation results for the three characters volume, weight, and 
water absorption, in relation to protein, show that striking results are 
found only in the protein- volume relationship. Loaf weight and 
water absorption evidently arc not closely related to protein content, 
and other factors apparently have gi'eater influence on these two 
charact/ers than has protein content. 

CORRELATION OF WATER ABSORPTION TO WEIGHT AND VOLUME 

Considering the relationship of water absorption to loaf weight, 
diverse results are encountered, and only in 1927 does one find com- 
paratively high total correlations. For the nursery, all four of the 
zero-order <!oefficients are positive, and three are significant. For the 
plots, three coefficients are positive and one negative, but only one 
(coefficient is significant. Mangels (10) reported coefficients of cc^rre- 
lation for absorption and weight for four crop years the average of 
which was 0.730. Mangels used a series of wheats of different varieties 
from (irops of 1923 to 1926, inclusive. The corresponding coefficients 
from the nursery samples for fom* yeai*s averages 0.437, which is signi- 
ficantly lower. This difference may perhaps be ascribed to seasonal 
variation. The partial correlations do not show appreciable differ- 
ences from the zero-order coefficients. 

The absorption-volume correlations are of comparatively little 
importance smee in only a few instances do they become significant. 
These results are similar to those obtained by Mangels (10) for crops 
of 1923 to 1926, except that the coefficients reported by Mangels 
are positive in all cases. Comparing the zero-order coefficients for 
the nursery samples and for the plots, both series show two negative 
and two positive coefficients. When protein and weight are held 
constant, however, the nursery data show three positive and one 
negative coefficient for the four years, while the plots show three 
negative and one positive coefficients. 
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CORRELATIONS OP VOLUME AND WEIGHT 

The correlations under this heading are of greater interest, gener- 
ally, than those of the four preceding groups. Evidently not much 
attention has been paid to this phase of correlation, for no results 
seem to be reported in the literature. Only 6 of the 32 coefficients are 
positive, and but 2 of these are significant. Eighteen of the 26 nega- 
tive coefficients are significant. It is evident that the relationship 
between volume and weight is not directly operative or organic. If 
the loaf weight tends to be depressed with an increase in size, then 
this relationship must be referred to protein or to absorption, or to 
both, in this present study. Considering this particular negative 
correlation the question of linearity immediately arises; there is 
evidently a limit to the continuous separation of these two characters. 
By taking the total correlation for the 1930 nursery samples, which 
lies at —0.7, a table was made showing the distribution of the variates. 
This is shown in Figure 1. Within the limits of the indicated class 
values the evidence for nonlinearity is not apparent. Fisher's test 
(4, ^19) was applied, and the difference z, indicating lack of linear- 

ity, was wholly inappreciable. With this result the writers calculated 
the partial coefficients, which would have been a questionable pro- 
cedure with much curvilinear regression. 

Weight of loaf (grams) 



Prousx 1.— Correlation diagram showing relationship between volume and vrdgbt of loaf for 
68 variates from the 1930 nursery samples. The regression is linear and the correlation is —0.7 
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With the negative correlation between volume and weight it may 
be inferred that in those loaves in which the diastatic activity was 
greatest, with a resultant large gas production, a comparatively largo 
loss of weight automatically took place. Tliis loss in weight is pre- 
sumed to be due largely to the destruction of carbohydrates by the 
yeast. In studying the volume-weight correlations one is struck by 
their lack of uniformity, either with regard to conditions of growth or 
to the individual year. When water absorption is held constant the 
changes from the total correlation are only slight. When protein is 
held constant, the changes from the total to the partial correlation 
are mainly positive and are distinctly significant. 

Considering the correlation relations of the six groups of Table 7 
only three, those concerned with protein and volume, absorption and 
weight, and volume and weight, have coefficients sufficiently large to 
make the c()rrelations important. The correlations of the protein- 
volume group are the largest and most Ainiform. In general, the 
changes in size of coefficients, from the zero order to the partial, are 
not uniform within a group and are not of much importance. 

Interesting as the foregoing results may be, it should not be for- 
gotten that the correlation values in themselves do not exhibit the 
full measure of their importance. It is necessary to consider the re- 
gression coefficients, calculated from the standard deviation and the 
coefficients of correlation. From the regression coefficients it is possi- 
ble to estimate deviations in loaf volume, for instance, according to 
any arbitraiy deviation in protein. 

REGRESSION COEFFICIENTS 

While the total regression coefficients are worked out very simply 

according to the formula i = r 12 —» the partial regression coefficients 

<^2 

are calculated by a set of normal equations. An outline of the method 
is given by Fisher {4^ p. 133-185), In calculating these, attention was 
paid mainly to the regression of volume on the two characters, protein 
and loaf weight. The values for absorption were usually not signifi- 
cant. The total and partial regressions expressed in cubic centimeters 
of loaf are shown in Table 10. 

Table 10. — Total regression coefficients of loaf volume on protein and on loaf weight 
and partial regression coefficients of volume on protein and on weighty with lespect 
to absorption and weighty and to absorption and protein 


[V’^rtlues are expressed in cubic centimeters of loaf] 


Year 

Nursery or plot 

Protein 

Weight 

Total 

Partial 

Total 

Partial 

1927 

1928 

/Nursery 

1 Plots 

/Nursery 

«18. 42 
-14. 12 
••19. 53 
•*39. 51 
«13. 69 
••11.81 
i •*36. 05 

1 *19. 24 

1 

■*17. 35 
•*14. 99 
8. 30 
>33. 36 
<*12.63 
-12. 42 
•18. 17 
•19.07 

-1.81 
.90 
•- .5.83 
•-14. 12 
«-4. 77 
-.90 
•-11,88 
«-6. 68 

-1. 62 
•1.60 
•-«. 37 
•-6. 33 
»-4. 24 
1.31 

•-10.11 
•-3. 91 

1929 

/Plots 

/Nursery 

1930 

\Plots 

/Nursery 


|\ Plots 


« These values are distinctly to highly signifleant. The other values are not significant, or scarcely so. 
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The values in Table 10 are to be interpreted as loaf-volume devia- 
tions in cubic centimeters for eveiy respective unit deviation in pro- 
tein or weight. The total regressions are calculated with regard to 
only two characters, whereas the partial regressions take account of 
all four characters, The difference between the total and the partial 
correlations is only slight in some cases but very considerable in others. 
Where one finds pronounced differences the partial coefficient is 
usually the smaller. A comparison between these coefficients and the 
correlation values of Table 7, made by averaging the total and 
second-order correlations and the total and partial regression coeffi- 
cients for the four years, is shown in Table 1 1 . 

Table 11 . — Weighted averages of correlation and regression coefficients taken from 
Tables 7 and 10 for samples from nursery and from plots for the two relationships: 
Protein-volume and weight-volume 


Characters correlated 

Total 

Partial 

C^orrelation j 

Regression 

(■orrelation 

Regression 

Nurs- 

ery 

Plots 

Nurs- 

ery 

Plots 

Nurs- 

ery 

Plots 

Nurs- 

ery 

Plots 

Protein-volame 

Weight-volume-- 

0.441 

.162 

0.735 

219 

21.41 

-6.60 

25.60 

-3.77 

0. 337 
-..144 

0. 726 
-.0(M 

14.16 
-5. 86 

20.07 

-1.87 


Table 11 shows briefly what has been indicated previously. Under 
total for protein- volume, the two regressions differ by about 4 
units, but the two correlations differ rather markedly. Under *‘par- 
tiar^ the two correlations differ still more, the regression average from 
the plots being nearly 6 units more. For weight-volume the nursery 
correlations are appreciably the larger in both cases; the partial re- 
gression values show more difference than is found between the total 
regression values. In brief, the plot samples show a direct relation- 
ship when volume is considered with protein, but with regard to the 
relationship of weight to volume the nursery samples show the higher 
values, either positive or negative. 

It has been suggested to the writers by Doctor Treloar of the Uni- 
versity of Minnesota that it is possible to combine into one correlation 
table paired data extending over a series of years (or events) with a 
correlation coefficient equal to the weighted mean coefficient secured 
by averaging the coefficients of the individual years. In order to do 
this it is necessary to eliminate the disorderly differentiation found 
from season to season due to differences in means and the correspond- 
iiig disorderliness due to the various series of deviations from the 
different means. This is done by securing ratios of each series of 
deviations to the corresponding standard deviations. All standard 
deviations are thus reduced to unity. This was done with the plot 
and nursery samples for the four years with regard to protein and loaf 
volume. The two results, for the relationship of protein and volume, 
are as follows: 


Nursery, 1927-1930 0.439 

Plots, 1927-1930 711 


The results are shown in Figures 2 and 3. As the standard deviation 
values are unity, the correlation coefficients become the regression 
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values. In considering values like the one just presented, their limi- 
tations must be strictly considered. They can not be used for pre- 
diction purposes but may be used in a comparison of two or more 
sets of data combined into one set, with a similar combination. In 
a comparison of this sort differences may be observed in the slopes of 
the two lines present and also the disposition of the means of the 
arrays of each of the two sets. Considering the two correlation sur- 


faces, one can com- 
pare the disposition of 
the two groups of va- 
riates. In Figures 2 
and 3 the slope of 
the regression line is 
greater in Figure 3, the 
approximation of the 
means of the arrays to 
the regression line is 
greater in this figure, 
and finally the com- 
pactness of the variate 
groups shown in Fig- 
ure 3 is greater. The 
ra tio of the two slopes 
is 1.6. It will be re- 
called that the varia- 
bility of ])rotein was 
appreciably greater 
for the saiiiples from 
the plots than for 
the nursery samples. 
This confirms what 
has already been indi- 
cated, that a series of 
protein values have 
greater influences on 
the loaf volume when 



Fku'rk 2.— Correlation diagram showing relationship between 
loaf volume and protein content of wheat from the nursery for 
1927 to 1930. Difterentiation of the means and standard devia- 
tions from year to year are eliminated by using the ratios indi- 
cated. The sloping line is the regres.sion of the loaf volume on 
protein content expressed in ratios and is etpaal to the w'eighte<l 
mean of the four annual coeflicients of correlation, which is equal 
to 0.439. The stainiard deviations are each equal to unity 


they are restricted as to genetic origin, although unrestricted as to cultu- 
ral conditions. Comparatively high variability in the protein content 
need not operate against high prediction values with respect to the 
volume of the loaf. 


APPIJCATION OF REGRESSION COEFFICIENTS 

A clearer idea is gained of the meaning and application of the 
regression coefRcients if they are applied directly to the values con- 
cerned. In Table 12 the various regression formulas are shown. In 
addition the vpious expected loaf volumes are calculated, assuming 
the flour protein content to be uniformly 12 per cent. This protein 
percentage for flour is higher than that generally found in commercial 
flours but is one-half per cent lower than the average of the flours 
dealt with here. The ranges of loaf volumes are shown within which 
80 per cent of the loaves are expected to fall according to a normal 
distribution. The theoretic ranges are compared with the actual, 
and the number of loaves coming xmder, and also over, the theoretic 
limits are indicated. 
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'Table 12 . — Regression formulas derived from total regression coefficients with ranges 
of loaf volume es^pecied to include 80 per cent of the variates^ assuming a protein 
content of 12 per cent for each year^ and the number of variates falling below and 
above the theoretic limits 


Year 

Nursery or 
plot 

Formula (volume =) 

Num- 
ber of 
vari- 

Mean 

i 

! Mo.st 
likely 
volume 
at 12 

Ibmge 
within 
which 80 
per cent 
of variates 

Actual 

protein 

content 

minus 

as- 

Variates 
outside the- 
oretic limits 




ates 

Protein 

Volume 

per cent 
protein 

are ex- 
pected 

sumed 

vah;e 

' 1 

Under 

Over 

1927- . 

/Nursery. 

1S.42 protein -|- 173.4 

76 

13.1 

415 

394 

1 

359-429 

+1.1 

0 

20 

\Pl0tvS 

14.12 protein + 226.4 

51 

10.4 

373 

396 

379-413 

-1.6 

34 

0 

192S-- 

/Nursery. . 

19.53 protein 4- 164.9 

59 

14.8 

454 

1 399 

328-470 

+2.8 

3 

34 

1 Plots. 

39.61 protein -f I.O 

70 

12.2 

484 

477 

400-654 

+.2 

1 

10 

1929-- 

/Nursery. . 

13.59 protein 4- 263.3 

81 

10.8 

410 

426 

376-476 

-1.2 

13 

3 

/Plots 

li.8l protein + 272.4 

80 

12.1 

415 

414 

391-437 

+.1 

5 

7 

1930. .. 

/Nursery. . 

36.65 protein - 25,5 

58 

13.4 

466 

414 

353-475 

+1.4 

0 

22 

/Plots 

19.24 protein + 211.9 

58 

13. 1 

464 

443 

410-476 

+ 1.1 

0 

17 

1928_. 

Nursery. , 

®8.30 protein 4-331.1 

59 

14.8 

464 

431 

300-502 

+2.8 

5 

7 

1930.- 

-do 

'•18.17 prottsiri 4- 222.1 

58 

13.4 

466 

440 

1 

379-501 

+ 1.4 

0 

30 


“ As abf)ve with 2 partial regrassion formulas clorivod from })artial rogrosslon cnetftclent.s. 


Table 12 shows that the niiinbor of loaves under and over the 
theoretic limits is anything but uniform. Obviously this is due to 

the rather wide devi- 


PROTEIM tN FLOUR, DBU /<r 



FiotTRE 3.— Correlation diagram showing relationship between loaf vol- 
ume and protein content of wheat from the plots for 1927 to J930. 
Differentiation of the means and standard deviations from year to 
year are eliminated by using the ratios Indicated. The sloping line 
Is the regression of the loaf volume on protein content expressed in 
ratios and is equal to the weighted mean of the four annual co- 
efficients of correlation, which is equal to 0.711. The standard 
deviations are each e^iual to unity 


atious in the protein 
content of the flours. 
As the assumed 12 per 
cent protein content 
is below the average 
of 12.5 per cent, the 
num her of loaves over 
the maximum limit 
might be expected to 
be larger than those 
under the minimum 
limit and this is actu- 
ally the case, the 
dinerence being 57. 
The number of loaves 
under and over the 
limits of 80 per cent 
is (considerably in ex- 
cess of the theoretical 
20 per (lent, and this 
is also due to the arbi- 
trary placing of the 
protein per cent. 

The partial regres- 
sion formulas were 
also calculated; and 
as they gave nearly 
identical expected 
loaf volumes (with 


two exceptions), the 

results are not presented, except the two referred to, which are 
shown at the bottom of Table 12. The number of loaves outside the 
lc)wer and upper limits are more equalized for the 1928 nursery sam- 




Aug. 16 , 1932 Correlational Studies oj Hard Red Spring Wheats 225 

pies, using the partial regression coefficients, but are loss uniform for 
the 1930 nursery samples. The various limits within which 80 per 
cent of the variates are presmned to fall are in direct proportion to 
the respective standard deviations of loaf volume. This is evident 
from the fact that the latter are multiplied by a constant abscissa! 
value X distant ± 1.28 from the central ordinate of the normal curve. 

In order to make a comparison of prediction values of the two 
series, weighted means were taken of both the total and partial 
regression equations. This appears to be a legitimate procedure, as 
these equations contain essentially only means and correlation coef- 
ficients, which are both subject to weighted means. In taking the 
weighted means of the standard deviations the variances rather than 
the standard deviations were weighted. The following equations were 
thus obtained ; 

Weighted-mean total-regression equations 

* Nursery: Volume =2 1.41 protein 4- 162.3 

Plots: Volunie=25.60 proticn 4-128.7 

Weighted-mean partial-regression equations 

Nursery: Volume— 14.15 protein 4- 251.5 

Plots: Volume= 20.07 pro tein-j- 193.2 

When the two pairs of regression equations are calculated, the 
differences in the coefficient portions are nearly the same. The pro- 
tein coefficient for the plots is lai’ger in each case and probably sig- 
nificantly so. The difference between the coefficients is only slightly 
larger in the case of the jiartial correlations. These differences, 
though perhaps not of great importance, show the protein of the one 
variety, grown on the plots, to be the more potent in its effect on loaf 
volume. It is obvious that regression lines, calculable from the 
equations shown above, would scarcely be applicable to a correlation 
surface. As the correlation surfaces shown in Figures 2 and 3 deal 
with ratios and not with actual values, the regression lines from the 
above equations, which deal with actual values, could not be drawn 
on the surface nor used for prediction purposes in connection with 
ratios. If the paired values between protein and volume for the 
four years of a series were to be entered on a correlation surface the 
“disorderly differentiation,^' appearing when seasonal results are 
compared, discussed by Treloar and others {12)^ would dominate the 
situation and would not accord with the weighted regression lines. 
In such a case, also, the individual years would not be handled as units. 

DIVERSE SEASONAL EFFECTS 

Seasonal conditions have a marked influence, as is well known, 
on the amount and quality of protein. Table 2 shows that the amount 
of protein from the plot samples is essentially the same for the two 
years 1928 and 1929. Loaf volume, on the contrary, showed nearly 
three times as much variability for 1928 as for 1929, a relatively 
enormous difference. The correlation coefficients for the two years, 
however, did not show a significant difference. These facts, along 
with the regression equations, are shown in Table 13. 

137462—32 3 
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Table 13. — Means of protein, variabilities of loaf volume, coefficients of correlations, 
and regression equations to show seasonal diversity of protein effect in two successive 
years, shown by plot sampler 


Year 

JYotein 

1 

Ity of 
volume 

Coem- 
cients of 
correla- 
tion, 
(P-V) 1 

Regression equation 
(volume «*^) 

Volume 
deviation 
in cubic 
centi- 
meters 
per units 
of protein 

1928 --- 

Per cent 
12.2 

Per cent 
12.43 

0. 712 

39..'j 1 protein+1 

40 

1929 

12.1 

4.28 

.674 

1 

11.81 protein+272 .. 

1 

12 

1 


The prediction value of the protein as to loaf volu.nie is more than 
three times greater for 1928. The foregoing clearly indicates that 

neither the amount of 
protein nor the degree 
of correlation between 
protein and loaf vol- 
U'UO is always a de- 
pendable criterion as 
to the market value 
of protein. This re- 
>11 a r k a b 1 y diff eren t 
behavior of the pro- 
tein relative to loaf 
volume that uiay oc- 
cur from a single va- 
riety in two different 
seasons grown upon 
a group of plots with 
diverse manurial and 
crop sequence treat- 
ments is presented in 
Figure. 4. This is a 
scatter diagram of loaf 
volume and flour pro- 
tein for the two years 
with the two regression 
lines superimposed. 



Fkiure 4.— Scatter diagram showing relationship between loaf vol- 
ume and protein content of Hour for the wheat samplos from the 
plots for two successive years, 'I'he regression cjoelhclents for 1928 
and 1929 are 39.6 and 11.8, respectively 


DISCUSSION 

In the production of 
a loaf of bread there 
is involved a highly 
complicated set of physical and chemical reactions. The basic 
material, flour, is a colloid mixture in a dry condition, necessarily 
complicated, to which is added other substances, water, minerals, 
yeast, fat, and sugar, previous to subjection to heat, to produce the 
finished loaf. An immense number of loaves must be made, and these 
must be made from flours ground from various grades and classes of 
wheats. A desirable loaf must fall within rather narrow limits to 
satisfy the public taste and fashion. 
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As a consequence the millers and bakers seek for a single criterion, 
or for only a very few criteria, to apply to the flour in evaluating the 
future loaf. Because of its unique properties, protein in wheat 
flour has received a great deal of study. This substance is considered 
so important that variations in wheat prices are based on the amount 
of protein in many cases. This being the case, it is evident that a 
very full knowledge of the protein content of the wheat and the 
resulting flour is demanded. This knowledge is of a twofold nature: 
On the one hand, a study is needed of the relationships affecting the 
laying down of the protein in the wheat kernel during the formative 
period, with regard to variety and the total environment, and on the 
other hand a study is needed of the relationships of the protein, as 
laid down, to the loaf in its various stages. While considerable 
knowledge of this sort is already available, a satisfactory goal has not 
been reached. 

In the present paper, data are presented from two series of hard 
red spring wheats whi(‘h throw some additional light upon the protein 
problem. The nursery series, grown under comparable c.onditions, 
varied genetically, while the plots series, grown under varying con- 
ditions, consisted of samples genetically uniform. The higher-average 
protein content shown by the nursery samples, as an average for the 
four years, may be ascribed very likely to swectclover turned under, 
preceding the wheat crop by one or two years. In 1929 when the 
protein content for the nursery samples was lower than that of 
samples from the ])lots, oats preceding the nursery wheat evidently 
caused the low protein content. Evidence is presented to show the 
much greater influence exerted on the protein content by soil varia- 
bility, developed in the rotation and fertility plots, than by genetic 
difTeren<‘es present in the nursery samples. Evidence for this is very 
positive for three of the four years but neutral for the fourth year. 

If the two series of wheats are comi^ared as two units and not by 
years, the variability of the protein from the plots is found to be 
much the greater. The coefficients of variability for the two series 
are: Plots 18.43 ±0.56, r.nd numery 12.561 0.37. The difference 
is 5.87 10.67 which is highly significant. This is a different sort of 
a comparison, however, than when the comparative variability is 
considered year by year. 

Variability of the protein content of a series of wheat samples is 
apparently duo more to the result of external conditions, soil and cli- 
mate, than to the genetic character of the wheat. Put in another way, 
a aeries of protein values will show greater variability when affected 
by a random sampling of external conditions than when affected by a 
random sampling of internal (genetic) conditions. 

A discussion of climate in the present paper has been almost en- 
tirely omitted as it was believed that a consideration of that factor 
would complicate the discussion more than was desirable. It is 
not believed that weather conditions differed enoiigh to affect the com- 
parisons. Either of the two series, and especially the plot series, 
affords excellent material to study the effect of weather on the amount 
and character of pn)tein. 

With the characters of water absorption, loaf volume, and loaf 
weight, the effect is generally contrary to the finding for protein, for 
in these cases genetic differences are responsible for a strikingly greater 
degree of variability than are the environmental conditions, diverse 
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as to soil fertility and crop sequence. It is fair to presume that a 
similar statement would hold if a comparison were made between 
genetic differences and climatic environmental conditions. It is 
evident from this that although the amount of protein may show 
marked variability, this variability need not be much reflected in the 
variability of loaf characters. 

Con’elation data were calculated between the four characters, pro- 
tein, water absorption, loaf volume, and loaf weight, for the samples 
from the nursery and from the plots for the four years under considera- 
tion. The correlation coefficients showing the relationships between 
protein and volume are uniformly higher for the samples from the 
plots where one variety was grown than from corresponding samples 
from the nursery, which were genetically diverse. Evidently where 
diverse strains or varieties enter into the correlation study, one does 
not find so sharp reactions between protein and loaf volume as are 
found in commercial mills where the flour output consists of, or is 
dominated by, one variety. The correlations between protein and 
volume were distinctly higher than between any other pair. Conela- 
tions were positive and significant in all cases. In the five remaining 
cases the coefficients were only occasionally significant for the samples 
from the nursery or from the plots for the four years. For two series 
of correlations, those showing relationship between protein and weight 
and between volume and weight, the coeffcients were almost uniformly 
minus, and in a few cases rather distinctly significant. Evidently 
fermentative activities which tend to produce large volumes do so at 
the expense of some of the carbohydrate material in the loaf. In one 
instance where the coefficient between volume and weight was —0.70 
the regression was essentially linear for the class limits which existed. 
In this extreme case, where the loaf showed the greatest loss in weight, 
associated with large volume, it was found that the weight of the loaf 
suffered about 1.5 per cent, using the standard deviation t)f loaf volume 
as the criterion. 

The not or partial correlation coefficients were calculated. In 
most of the cases the change from the total to the net correlations is 
not marked. In only a few cases was the change significant. In the 
other relationships the total correlation coefficients were generally 
low, and no marked change in absolute values would be expected in 
comparing total and net coefficients. 

It is not evident from the data that there is any great advantage 
in using the flour protein in obtaining the correlations even though 
correlations between wheat protein and flour protein are not extremmy 
high. Treloar and others ll£) held wheat protein and flour protein 
alternately constant and correlated for the other character. In 
doing this it became evident that the wheat protein was a better 
criterion of loaf volume than the flour protein. They conclude that 
those wheats of the hard red spring class which have a higher protein 
concentration in the bran than in the endosperm are of somewhat 
better baking quality relative to loaf volume. In the present study, 
with only three years ^ data available, higher correlations between 
wheat protein and flour protein seem to exist where only a single 
variety is concerned rather than with many varieties. 

In calc^ating the total and partial regression coefficients of volume 
on p^tein, significant amounts were found in practically all cases. 
Jn fact| the value of this relationship was rather dominatmg relative 
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to other relationships. Figure 4 shows the marked differtmce there 
may be as to the effect of protein on the loaf from one season to 
imother, irrespective of the quantity of the protein and with but 
little regard to the degree of correlation. In following out the idea 
of Treloar by eliminating the disorderliness appearing in the data 
from season to season, correlation surfaces are obtained easily com- 
parable with one another and whose ^‘regression lines are equal to 
the respective weighted correlation coefficients. Although the ratio 
of the two slopes of the nursery samples to the plot samples was 1.6, 
this does not express the relative difference in the prediction value 
of the protein to loaf volume. When the two weighted regression 
coefficients are calculated, for the nursery and for the plots, the 
difference between them is relatively low, in contrast to the rather 
marked difference between the two correlation coefficients. This 
evidently arises from the facts already emphasized — that while the 
variability of the protein from the plots is' relatively high, the varia- 
bility of the loaf volume (and also water absorption and loaf weight) 
is relatively low. 

SUMMARY 

Two series of hard red spring wheats are compared in regard to the 
means, coefficient of variability, correlations (total and net), and 
regression equations relative to the character of protein content, 
water absorption of flour, loaf volume, and loaf weight. One series, 
designated as nursery, consisted of wheats diverse in genetic origin 
but grown under unifonn conditions of soil and soil treatment, while 
the other consisted of a single variety grown on plots that were sub- 
jected to different treatment in regard to crop sequence and soil 
fertilization. 

The flour-protein content of the nursery samples was higher 
than for the plot samples for the four years, which was evidently due 
to the fact that sweetclover had been plowed under previous to the 
wheat. The unweighted means of water absorption, loaf weight, and 
loaf volume are very close together; the small differences show no 
significances. 

The protein content show^ed significantly greater variability for 
three years for the plots and a less, but nonsignificant, variability for 
one year. Considering the two series as units, the variability of the 
protein from the plots showed distinctly greater variability for the 
four years, the difference being 5.87 ± 0.67. 

In contrast to the above, the nursery samples showed moderately 
to distinctly greater variability in 9 of the 12 cases where water 
absorption, loaf weight, and loaf volume were concerned. In only 
one instance was the variability greater for the plot samples. 

Varied soil and crop-sequence conditions acting on a genetically 
uniform wheat resultea in greater protein variability than did geneti- 
cally diverse wheats under uniform conditions. Genetic variability, 
on the other hand, expressed through uniform soil conditions, resulted 
in greater variability for water absorption, loaf weight, and loaf 
volume in comparison with a single variety grown diversely as to 
soil fertility ana crop sequence. 

Complete total and partial correlation coefficients were secured 
The protein-volume correlations were of greatest moment, and those 
from the plots were higher than from the nursery samples in all cases 
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and significantly so in 11 of the 16 comparisons. This leads to the 
conclusion that a more direct relationship exists between protein 
and loaf volume in a commercial mill, where the wheat of one variety 
very often dominates the blend in a mill mix, than in a genetically 
diverse group of wheats commonly grown experimentally. 

Correlations of protein and water absorption and water absorption 
and volume were generally small and not significant. There was no 
significant relationship of loaf weight to absorption relative to the 
plot samples, but this relation generally was moderately significant so 
far as the nursery samples were concerned. Considering the relation- 
ships of protein and weight and volume and weight, the correlations 
were generally negative and of rtistinct significance in certain instances. 
In the extreme case, with a correlation of —0.7 between volume and 
weight, a loss of weight of 1.5 per cent would be expected as a result 
of baking. Within the class limits present, the foregoing negative 
relationship was linear. 

In most cases the changes in value, from total to net correlations, 
were not of much importance. 

For three yeai*s, where data were available, the correlations between 
protein in wheat and loaf volume and protein in flour and loaf volume 
showed no material differences. 

Total and partial regression coefficients, with regard to regression 
of volume on protein, absorption, and weight, were calculated. 
The volume-absorption regressions were generally not significant. The 
volume-protein regressions were significant in practically all cases, 
both total and partial, and generally very distinctly so. The volume- 
weight regressions were negative in 13 out of the 16 cases, and 10 of 
the negative coefficients were significant. Seasonal effects showed 
markedly when the total regression equations were compared for two 
years from the plots. The loaf volume deviation in cubic centimeters 
for the deviation for each^protein per cent was 40 for 1928 and 12 for 
1929. Due to the variability in protein content from year to year, the 
annual range of loaves below and above the expected 80 per cent 
calculated from a uniform 12 per cent protein content was veiy 
unequal. The partial regression coefficients gave generally nearly the 
same prediction values for loaf volume based on protein as did the 
total regression formulas. 

Correlation coefficients by themselves do not suffice to show to 
what extent loaf volume is dependent on protein content. Regression 
coefficients are necessary for a proper interpretation. In one com- 
parison, with the two correlation coefficients nearly equal, a marked 
difference in loaf volume predictable from the protein was obtained 
from the results of two years. When correlation coefficients were 
significantly different, the regression coefficients at times approximated 
rather closely. 
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SOME MINOR STAINS OF SOUTHERN PINE AND HARD- 
WOOD LUMBER AND LOGS* 


By T. C. ScHEBTER, Agentj and R. M. Limdgren, Assistant Pathologist^ Division 
of Forest Pathology ^ Bureau of Plant Industry^ Urdted States Department of 
Agriculture ^ 

INTRODUCTION 

In the course of experimental work on the control of sapwood 
stain and mold in southern pine ^ and hardwood lumber ana logs, 
various stains other than those of the ordinary blue-stain type 
were encountered frequently. Most of these ranged in color from 
bright yellow to deep red or purple, and under certain conditions 
were of sufficient intensity and prevalence to assume practical im- 
poitance. In addition, certain common green surface molds were 
found to bo capable of penetrating into pine lumber and producing a 
more or less shallow discoloration. Fresii pine sapwood stored under 
moist conditions was especially susceptible to stains and molds of 
this type. Such hardwoods as red gum,^ yellow poplar,® and sweet 
bay,® were generally free from them; but cultural tests in the labora- 
tory showed a few of the organisms involved to be capable of staining 
sap gum, at least to a slight degree. 

These stains appeared to be associated with and possibly istiiUTi- 
lated by certain chemical solutions with which the lumber and logs 
liad been treated for the purpose of preventing blue stain. Thus, the 
yellow and red discolorations were common on wood that had been 
immersed in formaldehyde, silicofluoride solutions, benzoic acid and 
its salts, arsenious oxide, or boric acid; a blue-green mold was prev- 
alent on lumber treated with ethyl mercury compounds; while several 
green superficial molds wore commonly associated with the use of 
sodium bisulphite, sodium silicate, ammonium fluoride, formaldehyde, 
and arsenious oxide. Although such relationships between treat- 
ments and organisms seemed to exist, they weie not specific, as each 
of the stains was later produced on fresh untreated pine sapwood 
undei proper conditions of moisture. 

Stains of a similar nature have been described by Hedgcock ^ in 
liis study of chromogenic fungi that discolor wood. He foimd that 
certain renicillia, principally Penidllium aureum Cda. and F. roseum 
Lk., commonly produce colors varying from yellow to crimson in the 
sapwood of pine and several hardwoods. In the case of P, aureum^ 
the color was due to the secretion of a soluble pigment on the surface 
of the fungus filament. This pigment varied with the acidity or 


1 Received for publication Jan. 20, 1032; issued September, 1032. 

* For their kindness In identifying the organisms discussed herein, thanks are due T)r. C. D. SherbakofI, 
of the Department of Botany, University of Tennessee, and Dr. Charles Thom, Principal Mycologist in 
Charge, Division of Soil Microbiology, Bureau of Chemistry and Soils, U. S. Department of Agriculture. 

« The southern j)ine lumber referred to in this pajier was derived from the following species: Longleaf pine 
{Pinus mlustrii Miller), shortleaf pine (P. echinata MiUer), and loblolly pine (P. taeda L.). 

* The lumber known in the trade as red gum is derived from the sweetgum tree, Liquidamftar ttpraeiflua L. 
< The lumber known in the trade as yellow poplar is derived from the tuliptree, Liriodendron tulipifera D. 

* Magnolia virginiana australis Sargent. 

^ Hsdgcock, O. C. 8TVPIES UPON SOME CHROMOOENic FUNGI WHICH DISCOLOR WOOD. Missouri Bot- 
Gard. Ann. Rpt. 17: 69-114, illus. 1906. 
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alkalinity of the culture media, being red when alkaline and yellow 
when acid, and was taken up by the cell walls of the wood. A third 
fungus. Fusarium roseum Lk., was identified as causing pink, red, and 
violet blotches upon fresh sapwood of Pinm resinosa Sol., P. strobus 
L., and several of the southern pine species. Coloration resulted from 
the secretion of a soluble pigment that was taken up by adjacent 
wood cells, staining tlierii lightly red or purple, depending upon the 
acidity or alkalinity of the wood. Both Gerry ^ and Heagcock ® 
found that certain molds which usually occurred superficially on 
lumber were capable of shallow penetration and often produced mild 
interior discoloiation. 

In so far as could be determined, the fungi associated with the 
stains herein described, with the exception of one of the surface molds, 
are distinct from the species mentioned previously. It is probable 
that a considerable number of fungi are capable of producing less 
common stains of this nature under favorable conditions, although 
their distribution may be more or less limited regionally. 

EXPERIMENTAL METHODS 

A large number of isolations were made in both the field and the 
laboratory by gouging slivers from the surface and interior of dis- 
colored wood and transferring them to malt-agar slants. Those 
organisms that were isolated repeatedly and seemed involved in the 
staining of the wood were selected for the purpose of this study. 
Duplicate agar cultures of the Fusaria were sent to Doctor Sherbakoff 
and duplicate agar cultures of the other organisms to Doctor Thom for 
identification. To determine their staining ability and character- 
istics, each organism was planted upon culture blocks of pine and 
red gum sapwood. Previous to inoculation with the several fungi, 
the culture blocks had been submerged in boiling water for five 
minutes and transferred immediately to sterile 2-quart fruit jars 
plugged with cotton. After an incubation period of 50 days, reisola- 
tions were made from the resultant stains, and the gross cultural 
characteristics of the organisms on agar were compared with those of 
the original cultures. Field observations were correlated with cultural 
results wherever possible. 

RESULTS 

Under the almost ideal conditions for growth presented in the 
laboratory, all the organisms covered the blocks of both pine (Pinus 
palustris and P. taeda) and gum with a superficial growth within 7 to 
10 days. Those capable of staining produced definite discoloration 
in the interior of the blocks within 30 days after inoculation. For 
convenience, the stains are grouped into four classes; (1) Purple-pink 
stains, (2) orange stain, (3) yellow stain, and (4) superficial mold 
stains. The organisms involved and some of their staining character- 
istics and effects on wood are summarized in Table 1 . 


^Qerbt, E, nvE MOLDS AND THEIR PENETRATION INTO WOOD. JouT. AgT. Research 26; 219-230, lllui • 
« Hedqcock, G. C. Op, clt. 
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The purple-ijink stains caused by several species of Fusarium are of 
minor economic importance. They occur in small patches and do 
not involve the entire sapwood area, as the blue stain often does. 
They appear on lumber and logs in the early stages of drying and are 
prevalent only when moisture is unusually abundant. Under favor- 
able conditions of moisture interior discoloration may be produced in 
lumber witliin 10 to 15 days after it is sawed. No reliable distinction 
can be made in the field between the several organisms involved, since 
the color differences exhibited on wood are slight, even in fresh cul- 
tures, and tend to fade as the wood dries. Moreover, differentiation is 
difficult in the laboratory because the several species vary consider- 
ably in color, form, and characteristics of growth, depend,ing on the 
substratum upon which they are grown. Staining is accomplished 
through the pi'esence of colored hyphae and the secretion of a soluble 
pigment wliich is absorbed by adjacent wood cells. Of the throe 
species, Fusarium monilijorme Sheld. was isolated most frequently and 
produced the most intense discoloration both in the field and in the. 
laboratory. F. solani (Mart.) Sacc. was often associated with purplish 
discolored areas in stored red gum logs, and is possibly the principal 
cause of such stains. The third species, provisionally identified as 
F. viride (L.) Wr., produced a heavy superficial growth of mycelium 
on culture blocks, but proved less capable of staining the wood than 
either of the other organisms. 

The orange stain is produced in pine lumber and culture blocks by a 
fun^s which could not be identified because of its failure to fruit. 
On Difco inalt agar the inycelium is cream to buff-orange and semi- 
appressed ; it secretes a pigment that gives the agar a color varying 
from orange to coffee. This stain was found infrequently in the field 
and larely assumed dimensions greater than small shallow spots or 
patches. It is probable that in many instances it was overlooked be- 
cause of its inconspicuousness. 

Under certain conditionfe, the yellow stain is common on jiine lumber 
and occurs to some extent on red gum also. This stain appears on 
lumber in the early stages of drying and is prevalent only when there 
is an exceptional quantity of moisture present. The yellow color, 
although blight at first, tends to fade as the wood dries. Numerous 
isolations from such stained areas yielded only one type of organism, 
which was associated frequently with Gliocfadium or Trichoderma 
mold. This organism produces asci abundantly. These show tlie 
characteristic shape of certain species of Aspergillus, but there are no 
Aspergillus heads on the colony. According to Thom, the general 
character of the colony is that of Gymnoascus, corresponding closely 
in form to PenicUlium luteum Zuk. and its allies, but having an entirely 
different form of ascospore. On Difco malt agar, the mycelium and 
spores are from the first a decided lemon yellow, and in older cultures 
the agar may be changed to a definite brown, Hedgcock describes 
PenicUlium aureum as creating a lemon-yellow stain in pine wood or 
in acid madia. Tliis organism was not obtained in any of the isolations 
made in this study. 

Superficial mold stains of several different colors occur on moist 
surfaces of pine lumber ahd logs and to some extent on gum, within 
as short a period as 36 to 48 hours after they are sawed. The stains 


<4 Hipqoocx, Q. C. Op, clt. 
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appear first as wliite superficial growths and later assume their char- 
acteristic colorations on the surface of the wood. In the case of pine, 
discoloration is limited to a darkening of the wood in the immediate 
region of the resin ducts where the fungus filaments and spores are 
compacted. Of these molds, PenicUlium expansum (Lk.) Thom showed 
a definite preference for both pine and gum lumber that had been 
treated with organic mercury salts, such as ethyl mercury phosphate 
and ethyl mercury chloride. Gliocladium sp. and Trichoderma sp. 
were encountered wherever lumber was stored under moist conditions. 
They seemed especially prevalent on lumber cut from infected logs, 
where they were usually associated with areas of blue stain. Several 
dipping treatments for lumber, containing fluoride salts, sodium 
bisulpmte, formaldehyde, or arsenious oxide, seemed to encourage the 
development of molds of this type. The treatments giving the most 
satisfactory control wore those with sodium carbonate and bicarbonate, 
sodium dinitropheiiolate, sodiiun orthophenyl phenolate, or lime 
sulphur. The genus Gliocladium is regarded by Hedgcock “ as one of 
minor importance in the staining of lumber. 

SUMMARY 

A number of stains other than those of the ordinary blue-stain type 
were found on lumber and logs stored under exceptionally moist condi- 
tions. The staining capacity of the fungi that were isolated lepeatedly 
from such discolored wood was determined by inoculating culture 
blocks of sap pine and gum. Most of them proved to be superficial 
molds, but several produced stains, including purple-pink, yellow, and 
orange, throughout the blocks. Most of these stains belonged to the 
Fusarium and Penicillium groups. The more common superficial 
molds were found to produce either uniform shallow discolorations or 
discolorations limited to the immediate region of the resin ducts. 
Among the most common genera represented were Penicillium, 
Trichoderma, and Gliocladium. 

These stain fungi were somewhat similar to the blue-stain type 
in that the mycelium was concentrated in the resin ducts and paren- 
chyma cells of the wood rays but occurred to a limited extent in the 
wood and ray tracheids. Coloration was due either to the color of the 
mycelium alone or to the combined color of the mycelium and a 
soluble pigment that was absorbed by the adjacent wood cells. 

Certain chemical solutions with wliich the lumber had been treated 
in order to prevent stain appeared to stimulate the growth of some of 
these organisms. 


» Hedocckik, G. C. Op. cit. 




THE RELATION OF AGRONOMIC PRACTICE TO THE 
QUANTITY AND QUALITY OF THE OIL IN FLAX- 
SEED ^ 

By I. J. Johnson ^ 

Assistant Agronomist, Division of Agronomy and Plant Genetics, Minnesota 
Agricultural Experiment Station 

INTRODUCTION 

Present-day problems in agronomy are as much concerned with 
factors that affect the quality as with those that affect the quantity 
of the various crop plants. It is not only essential carefully to survey 
existing varieties in order to determine the range of their variability 
in composition, but it is also of paramount importance to be able to 
predict the effect of different agronomic practices on the quality of 
the crop. Such knowledge is available for many of the commonly 
grown crop plants, but for flax information of this sort is rather 
limited. Since agronomic practices in flax production are more vari- 
able than for many other crops, it is desirable to know in greater detail 
the relation between cultural practices and the composition of the 
seed. 

The present series of investigation with flax were made to erbtain 
additional data on the rate of developnient of the seed and the fonna- 
tion of oil on soils of diflferent productivity, and to study the influence 
of delayed planting on the yield and composition of the seed. 

PREVIOUS INVESTIGATIONS 

Several in vestiga tot’s have studied the influence of fertilizer applica- 
tions on the oil content of oil-bearing seeds. The studies with flax 
(6', 7, 11)'^ have shown that applications of commercial fertilizers may 
alter the oil content of the seed and also influence the various con- 
stants of the extracted oil (11). Garner, Allard, and Foubert (8) 
have shown that the oil content of cottonseed from plots where com- 
plete fertilizers were used was greater than that of the seed from the 
check plot, but that heavy applications of nitrogen relative to phos- 
phorus and potassium reduced the oil content of the seed. Stark (13) 
detennined the oil content of soybeans under various soil treatments 
and found that applications of lime and organic matter tended to 
reduce the oil content of the seed, and that rock phosphates added 
with lime and organic matter still further reduced it. Potash appli- 
cations increased the oil content of the seed. 

1 Received for publication Jan. 19, 1932; issued September, 1932. Paper No. 1075, of the Journal Series, 
Minnesota Agricultural Experiment Station. This paper formed part of a thesis submitted to the faculty 
of the University of Minnesota in partial fulfillment of the requirements for the degree of doctor of phi- 
losophy, granted June 8, 1931. 

> The author wishes to express his appreciation to Prof. A. C. Arny for suggestions in the planning and 
conduct of these experiments; to Dr. 11. K. UayevS, Chief of the Division of Agronomy and Plant Oenetics, 
for suggestions in tne presentation and summarization of the experimental results; to the Division of Agri- 
ultUrm Biochemistry, University of Minnesota, tor the use of laboratory apparatus; and to the Archer- 
Daniels- Midland Co., Minneapolis, Minn., tor determinations of the iiercentage of oil and iodine numl)er 
on the seed from the dates of planting. 

> Reference is made by number (itmic) to Literature (^ited, p. 255. 
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Bushey, Puhr, and Hume (5) have studied the influence of crop 
sequence on the oil content of flaxseed. They analyzed 10 samples 
representing 10 rotations and found a difference of only 2.1 per cent 
between the sample containing the least oil and that containing the 
most. The differences obtained were not considered to be significant. 

Rabak {12) has made an extensive study to determine the influence 
of climate and soil on the percentage and quality of oil in flaxseed. 
From four varieties of flax grown in 1914 and 1915 at seven locations 
in the middle and far-western part of the United States a considerable 
variation in the oil content of the seed was obtained. Tobler {14) 
has summarized the work of Ivanow, who studied the percentage and 
iodine number of the oil from flaxseed secured from 28 experiment 
stations in the flax-producing coimtries of the world. The oil content 
of the seed was found to be dependent on the kind (varietjjr) and was 
not strongly influenced by geographical location. The iodme number 
of the oil, however, was* influenced by the region in which the seed 
was grown. Seed secured from northern latitudes gave a higher iodine 
number than seed produced in southern countries. 

A summary of the data obtained by the investigators referred to 
indicates that flaxseed may, under certain conditions, show consider- 
able variability in composition as a result of differences in soil fertility 
and climate. Only a relatively small number of investigations have 
been made on the various phases of oil formation in oil-bearing seeds. 
Most of the studies with flaxseed have been made with bulk samples 
secured by harvesting flax plants at various stages in their develop- 
ment. Since flax blooms over a period of two weeks or more, bolls 
of different ages are found on the same plant. The difficulty of deter- 
mining the exact stage of development of the seed by this method of 
harvesting is quite evident. Ivanow {10) harvested flax at four stages 
of maturity to study the oil-forming process. In 1910 the seed from 
the first harvest one week after flowering contained 4.4 per cent oil, 
the seed from the second harvest on July 18, 13 days later, contained 
11 per cent, the seed from the third harvest on August 3 contained 
32.5 per cent, and the seed from the fourth harvest on August 25 con- 
tained 35 per cent. These data show an extremely rapid rate of oil 
formation between Jtily 18 and August 3, when practically all of the 
oil was laid down in the seed. The seed secured from each harvest 
was analyzed to determine the percentage of sugars. As the seed 
matured the percentage of sugars diminished, which suggests their 
conversion to oils during the oil-forming process. From a study of 
the percentage of oleic and linoleic acids and the iodine number of the 
oil at each harvest, Ivanow concluded that the saturated fatty acids 
were formed first during the synthesis of oil and from them the unsatu- 
rated fatty acids were derived. 

The analysis of flaxseed for oil content at four degrees of maturity 
made by Eyre and Fisher (^) gave results which agreed quite closely 
with those of Ivanow {10). Eyre and Fisher suggest that flax may 
be harvested before it is fully mature without a serious reduction in 
the yield of oil. This is a common practice where flax is grown as a 
fiber crop. 

Bushey, Puhr, and Hume (3) harvested flax planted on June 10 at 
five stages of maturity. The seed from the first harvest on August 25 
was yery immature but contained 29.51 per cent oil. The seed from 
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the fourth harvest on September 21, which was fully matured, con- 
tained 36.84 per cent. The iodine number of the extracted oil was 
lower at each of the five harvest dates. The maximum value was 
181.5 at the first harvest and the minmum was 161 .0 at the last harvest. 

Dillman (5) has measured the growth in volume and the formation 
of oil in developing flaxseed. The seed used for the study was of 
known age, obtained by tagging a large number of flowers and collect- 
ing the seed at frequent periods of their development. It is evident 
that a study made by this method gives more accurately the rate of 
development of the seed, since the material used for each of the 
harvests is of uniform and known age. The results of Dillman^s 
studies made in 1926 and 1927 at University Farm, St. Paul, Minn., 
and at Mandan, N. Dak., show that the growth in volume of the seed, 
as determined by measurements of length, width, and thickness, is 
relatively rapid, reaching a maximum at 12 to 14 days after flowering. 
The growth of the seed, as determined by the daily increase in dry 
weight, continued for a period of 33 days and then remained constant 
to the end of the ripening period at 40 days after flowering. The 
most rapid formation of oil, based on percentage of oil in the dry seeds, 
began at about the seventh day after flowering and continued for a 
period of 15 to 18 days. After the maximum percentage of oil was 
reached there was little or no significant change up to full maturity. 
The maximum percentage of oil was reached somewhat before the 
maximum dry weight of the seed. 

All the data reviewed indicate that oil formation in oil-bearing seeds 
takes place most rapidly midway between flowering and maturity. 
Consequently, a study made during this period should show most 
clearly the relation of environmental conditions to oil content of the 
seed. 

Bushey, Puhr, and Hume (.5), working with flax, and Gamer, 
Allard, and Foubert (^?), with soybeans, have shown that delayed 
planting has very little effect upon the oil content of the harvested 
seed. In each instance, plantings were made at 15-dav intervals 
over a 2-month period beginning at the normal planting date for the 
crop used. Each of these studies was conducted for a single year. 
One variety of flax and four varieties of soybeans were included in 
the tests. Stoa ^ has furnished unpublished data on the oil content 
of flaxseed from several dates of planting. His studies, covering a 
7-year period, show conclusively that delayed planting has only a 
very slight influence on the oil content of the seed. 

MATERIALS AND METHODS 

Two varieties of flax. Bison (Minnesota accession No. 199) and 
Diadem (Minnesota accession No. 197) were used to determine the 
relation of soil productivity to the rate of seed and boll development 
and oil formation. These varieties were selected on the basis of 
considerable agronomic data from varietal trials at University Fann, 
Minn., and at branch stations. Bison is characterized by a fairly 
tall growth habit, mid-season maturity, and mediuni large seeds, and 
it has yielded well in variety trial comparisons. Diadem is mid short 
in growth habit, later in maturity, has fairly large seeds, and has given 


* Stoa. T. E. Unpabliahed data. 
187402—32 4 
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comparatively low yields in varietal trials. The two varieties are 
therefore quite different in agronomic characteristics. 

The two varieties were grown in 1929 on plots represented by two 
different rotations and a continuous cropping system. The plot 
treatments were started in 1899 and have been in continuous opera- 
tion since. The 5-year rotation is composed of wheat, clover and 
timothy hay, pasture, com, and oats. Barnyard manure has been 
applied preceding the com crop. The 3-year rotation includes wheat, 
clover and timothy, and com. In the continuous wheat, 6 pounds of 
red clover was planted each year and the crop growth was plowed 
under in the fall. No manure or fertilizer has been applied to the 
crops on the 3-year rotation or to the continuous wheat. The rota- 
tion plots were arranged to grow each crop every year, so that yield 
comparisons are available for all three plots used throughout the entire 
period of cropping. The yields of wheat in bushels per acre for the 
4-year period 1924-1927 are 22.6 for the 5-year rotation, 18.6 for the 
3-year rotation, and 15.3 for the wheat continuous. These data show 
considerable difference in the yield of wheat under the three different 
cropping systems. 

The two varieties were planted on May 1 with a field grain drill on 
a portion of each of the three plots usually planted to wheat. Shortly 
before full bloom enough flowers were marked to supply seed for 
daily measurements and oil determinations. The flowers were marked 
by tying with a loose knot a small piece of colored woolen yam just 
below the flower. Since it was impossible to tag on the same day all 
the flowers needed from each of the plots, a different colored yam was 
used for each tagging date. Twelve thousand to thirteen thousand 
flowers were marked on each variety for each of the three plots, mak- 
ing a total of 75,000 flowers used in the experiment. 

At 7 o^clock every morning from the date of flowering to maturity 
40 bolls of each variety were collected from the three plots and taken 
to the laboratory for analysis. As the bolls were gathered they were 
put in small tightly stoppered glass jars to minimize the moisture loss. 
The length and diameter of 10 bolls were measured with a vernier 
caliper, and the length, width, and thickness of five seeds from each 
of five bolls were measured with a dissecting binocular fitted with a 
micrometer. All measurements were read to 0.1 mm. To facilitate 
measuring, the five seeds from each boll were placed on a glass slide, 
and after the length and width had been recorded each was turned on 
edge with a needle and the thickness measured near the center of 
the seed. Duplicate 100-seed samples were removed from the re- 
maining bolls and dried to constant weight in an electric oven at 70° C. 

. During the afternoon of each day, from five days after flowering 
until maturity, enough bolls were collected from each plot to provide 
material for oil determinations. 

The harvested bolls were placed on trays with screened bottoms to 
dry in the open air during the day. At night the trays were taken into 
the laboratory and the diying was continued in a current of air sup- 
plied by electric fans. When the bolls were well dried they were 
placed m thin cloth bags and hung in a well-aired room until threshed. 

To determine the relation of planting date to yield and composition 
of the seed, four varieties of flax were planted at University Farm in 
1029 and 1930 at successive 10-day intervals, beginning on May 1. 
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The four varieties used wore Redwing (Minnesota accession No. 188), 
Bison (Minnesota accession No. 199), Buda (Minnesota accession 
No. 194), and Winona (Minnesota accession No. 182). The first two 
are the recommended varieties for the State. These varieties were 
grown in 3-row triplicated rod-row plots in 1929 and in 5-row tripli- 
cated plots in 1930. The center row was used in 1929 for yield and 
other plant characters and for study of the composition of the seed. 
The second row in the 5-row plots was harvested in 1930 for yield, 
and the fourth row was used for the study of plant characters. 

The methods outlined by the Association of Official Agricultural 
Chemists { 2 ) were used in the determination of the percentage and 
iodine number of the oil. The seed was finely ground in a special 
mill adapted to flaxseed, described in detail by Coleman and Fellows ( 4 ). 
Duplicate l-grarn samples were used in the study of the daily increase 
in oil content. The extracted oil was dried in an electric oven at 80° 
C. for one and one-half hours, then weighed and redried for an addi- 
tional half hour. The loss in weight during the final half hour was usu- 
ally slight. Iodine numbers were determined on the oil secured from 
the etSer extraction. The weighed oil was dissolved in 20 c c of 
chloroform and transferred to ground-glass stoppered flasks used for 
iodine absorption reaction. Wijis solution was used in all determina- 
tions of the iodine absorption number. 

EXPERIMENTAL RESULTS 

THE DAILY INCREASE IN SEED SIZE. BOLL SIZE, AND OIL CONTENT OF FLAX ON 
SOILS OP DIFFERENT PRODUCTIVITY 

Daily measurements of the length, width, and thickness of the seed 
and the length and diameter of the boll were made with two varieties 
during the entire growth period from flowering to maturity. These 
measurements for flax grown on the different rotations show only a 
slight relation to soil productivity. The greatest difference occurred 
during the early part of the growth period, when the seed and boll 
dimensions were increasing most rapidly. After the approximate 
maximum size had been reached there was no consistent difference 
between the measurements of the bolls or seeds produced on the three 
plots. The daily measurements for the first seven days after flower- 
ing and the average of successive 7-day periods to maturity are 
given for both of tlie varieties in Table 1. 



244 


Journal of Agricultural Research 


Vol. 46, No. 4 


Table 1. — Relation of soil productivity to daily and periodical increase in seed 
lengthy widthj and thicknessy and to boll length and mdth (millimeters) y of Bison 
ana Diadem flax grown on a 6 and 3 year rotation and a continuous cropping 
system 

SEED LENGTH 


Days after flowering 

Measurements of Bison grown in— 

Measurements of Diadem grown in— 

6-year 

rotation 

3-year 

rotation 

Continuous 

crojiping 

6-year 

rotation 

3-year 

rotation 

Continuou 

cropping 

0., - 

1.16 

1.21 

1.00 

1.30 

1.34 

1.36 

1 

1.48 

1.44 

1.44 

1.64 

1.70 

1.69 

2 

2.14 

2.08 

2.26 

2.08 

2.17 

2.20 

3 

2. 56 

2.67 

2.88 

2. 62 

2. 71 

2.89 

4 .. 

3.25 

3.30 

3.83 

3.27 

3.29 

3.37 

6 

4.03 

3.31 

4. 17 

3.25 

3.39 

3.56 

6 -j 

4. 38 

4.04 

4.65 

4.02 

4.09 

4.28 


4. 72 

4.45 

4.79 

4.46 

4.43 

4.38 

8-14*1'”'"^^--! ! - - 

h. 10 

5.09 

5.03 

6.24 

6. 10 

6.12 

16-21 - 

6. 12 

6. 16 

6. 12 

6.27 

5.37 

5.26 

22-28 - 

5.26 

5.23 

5.25 

6.31 

6. 32 

5.38 

29- -- 

6. 16 

5.04 

4. 97 

5.26 

6.24 

6.28 


SEED WIDTH 


0 ... 

0. 55 

0.60 

0.50 

0.66 

0.70 

0.69 

1 - 

.76 

.74 

.74 

.80 

.91 

.88 

2 

1.10 

1. 12 

1. 16 

1.13 

1. 19 

1.18 

3 

1.31 

1.39 

1.49 

1.43 

1.48 

1.56 

4 .. 1 

1.72 

1.82 

2.06 

1.82 

1.90 

1.85 

5 

2.14 

1.79 

2.29 

1.76 

1.87 

1.95 

6- 

2. 44 

2.24 

2.76 

2.21 

2.31 

2. 32 

7 

2.76 

2.45 

2.86 

2. 54 

2. 45 

2. 64 

8-14 

2. 94 

2.97 

2.94 

3 01 

2.96 

2.99 

16-21 

2. 97 

2.99 

2. 92 

2. 97 

3.01 

3, 03 

22-28 

3.01 

3.01 

2.96 

3.00 

3. 01 

3. 05 

29- 

2.88 

2.72 

2.65 

2.80 

2. 79 

2.89 


SEED THICKNESS 


0 

0.38 

0.37 

0.34 

0.44 

0.40 

0.44 

L- 

.60 

.60 

.48 

.52 

.69 

.54 

2. 

.66 

.62 

.68 

.68 

.68 

.66 

3 , . - 

.77 

.78 

.80 

.80 

.80 

.86 

4.. ... 

.92 

.91 

1. 10 

.94 

.93 

.95 

5 - 

1.11 

.98 

1.02 

.98 

1.00 

1.02 

6 

1.26 

1.17 

1.38 

1. 16 

1. 14 

1. 16 

7.-_ 

* 1.45 

1.23 

1.48 

1.23 

1.24 

1.26 

8-14 

1.54 

1.60 

1.47 

1.46 

1.43 

1.41 

15-21 

1.51 1 

1.47 

1.42 

1.47 

1.47 

1.42 

22-28, 

1.57 ; 

: 1.48 

1.41 

1.54 

1.52 

1.49 

29- 

1.45 

1.24 

1. 14 

1.43 

1.39 

1.38 


noi.L LENGTH 


0 

3.36 

3.48 

3. 16 

4.06 

4.14 

4. 32 

1 

3.98 

3.87 

3.61 

4. 18 

4.31 

4. 55 

2 

4.69 

4.48 

4.20 

4. 97 

5.28 

4.80 

3 

6.03 

4.98 

4. 92 

6. 33 

5.54 

5.69 

4 

5.00 

5.88 

6.66 

6.03 

6.34 

6. 48 

6 

6.02 

5.60 

6.89 

6.69 

6. 77 

6.02 

6 

6.59 

6.20 

6.76 

6.50 

6.60 

6. 77 

7-._ 

7.00 

6.68 

6.85 

6.76 

7.00 

6.94 

8-14 

7.52 

7.65 

7.39 

7.99 

7.97 

8. 18 

1.5-21 

7.54 

7.73 

7. 67 

8. 10 

8.54 

8.41 

22-28. 

7.69 

7.77 

7.62 

8.24 

8. 44 

8. 42 

29- 

7.54 

7.66 

7. 51 

8.50 

8.67 

8.31 


BOLL WIDTH 



2. 39 

2.46 

2.10 

2.59 

2.66 

2.68 

2.78 

2.87 

2.68 

3.10 

3. 18 

3.17 

3.64 

3.82 

3.52 

4.01 

4. 13 

4.03 

4.60 

4.60 

4.48 

4.58 

4.53 

4.75 

5.21 

5.30 

6.17 

4.50 

5.40 

5.30 

6.48 

5.38 

5.58 

5.11 

5.06 

5.30 

5.61 

5.62 

6.36 

5.61 

6.79 

5.88 

6.42 

5.95 

6.62 

5.88 

6.08 

6.06 

6.96 

7.02 1 

6.93 

6.96 

6.83 

6.99 

7.16 

7.20 

7.00 

7.03 

7.19 

7.22 

7.14 

7.26 

7.07 

7.07 

7.11 

7.37 

7. 16 

7.18! 

7.05 

7.11 

7.03 

7.21 
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Statistical comparisons of the daily boll and seed measurements 
have been made for the first 7-day period after flowerino;. By the 
use of Student^s pairing method (1) and table of Z (9) the odds against 
the chance occurrence of differences as large or larger than those found 
have been determined. The mean differences and odds are sum- 
marized in Table 2. 


Table 2. — Statistical comparison of the mean difference in seed and boll size 
{millimeters) of two flax varieties^ grown on soils of different productivity, with 
odds that differences are significant 


Measurement 


Seed length 

Seed width — 

Seed thickness 

Boll length 

Boll diameter 



5 and 3 year 
rotation 

6-year rotation 
and continuous 

3-year rotation 
and continuous 


cropping 

cropping 

Variety 








Mean 

difference 

Odds 

Mean 

difference 

Odds 

Mean 

difference 

Odds 

f Bison.. 

0. 0714 

5:1 

-0.1625 

21:1 

-0. 2371 

22:1 

\Oiadeni 

-.0738 

m-A 

- . 1376 

151:1 

-.0703 

36: 1 

1 Bison 

.0775 

6:1 

-. 1225 

70:1 

-. 1750 

40:1 

UMadem - 

-.0588 

47:1 

-.0788 

184:1 

-.0200 

45:1 

/Bison 

.0052 

27:1 

-. 0.W8 

22:1 

-.1150 

66; 1 

i Diadem 

-.0038 

1:1 

-.0188 

27:1 

-.0150 

6:1 

(Bison . 

.1363 

9:1 

. 1388 

25:1 

.0150 

1:1 

\ Diadem 

-.1838 

1000:1 

-.2700 

302:1 

-.0803 

6:1 

/Bison 

.0060 

1*1 

-.0600 

2:1 

-.0660 

• 2:1 

iDiadem 

-.0425 

5:1 

-.0988 

20:1 

-.0563 

6:1 


From the data given in Table 2 it is aj)parent that no consistent 
difference exists between the measurements of the bolls and seeds 
produced on the 3-year and 5-ycar rotation plots. Although the 
length and width of the seed and the length of the boll are sigmficantly 
smaller for Diadem grown on the 5-year rotation plot, the difl!erences 
(which are small) are in the opposite direction for Bison. This 
suggests a varietal res})onse to soil productivity. A comparison of 
the seed and boll measurements from the 5-year rotation with the 
continuous cropping plot shows, with the exception of the boll length 
and diameter of Bison, a significant difference in favor of the con- 
tinuously cropped plot. The comparisons of the boll and seed 
measurements from the 3-year rotation and the continuous cropping 
plot indicate a somewhat larger seed and boll size from the latter plot. 
The odds are not, however, as largo as between the boll and seed 
measurements from the 5-year rotation and the continuous crop- 
ping plot. 

The relation of soil productivity to the daily increase in dry weight 
of the seed is shown in Table 3. 
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Table 3. — Relation oj soil productivity to the average daily increase in dry weight 
{grams) of WO seeds of Bison and Diadem flax grown in a 6 and 3 year rotation^ 
and a continuous cropjnng system 


Days from flowering 

Weight of 100 seeds from Bison 
grown in— 

W'eight of 100 seeds from Diadem 
grown in— 

6-year 

rotation 

3-year 

rotation 

Continuous 

cropping 

5-year 

rotation 

3-year 

rotation 

Continuous 

cropping 

0 

0.0080 


0.0076 

0.0104 


0.0100 

1 

.0104 

a 0108 


.0144 

0.0126 

. 0124 

2 u - 

.0131 

.0129 

.0152 

.0192 

.0134 

.0146 

3 

.0203 

.0202 

.0233 

.0202 

.0172 

.0240 

4 

.0382 

.0383 

.0471 

.0818 

.0295 

.0421 

5 - 

.0612 

.0416 

.0794 

.0337 

.0360 

.0436 

6 

.0792 

.0663 

.1088 

.0591 

.0568 

.0692 

7 

.1037 

.0688 

.1224 

.0668 

.0801 

.0868 

8 

.1672 

.1169 

.1399 

.1199 

.0994 

.1237 

9 


.1386 

.1316 

. 1078 

.1133 

. 1407 

10 

i . 1672 

. 1614 

1 .1633 

.1695 

.1700 

.1866 

11 

.1832 

.1858 

.2145 

.1804 

.1858 

.1974 

12 - 

.2027 

.1837 

.2606 

.1983 

.2267 

.2375 

13 

.2331 

.2307 

.2677 

.2774 



14 

.2357 

.2475 

.2872 

.2681 

.2634 

. 2610 

16 

.2676 

.2693 

.3108 

. 2616 

.2428 

.2836 

16 

.2980 

.2860 

.3492 

.2798 

.2989 

.3087 

17... 

.3022 

.3080 

.3934 

.3167 

.3207 

.3182 

18.. 

.3469 

.3766 

.4262 

.32(X) 

. 3716 


19 

.4342 

.4282 

.5049 

.3222 

.3686 

.3128 

20 


.4452 

.5321 

.3410 

.4376 

.3198 

21 

.4820 

.4813 

.6543 1 

.3618 

.4422 

.3992 

22 

.5010 

.5089 

.6676 

.4157 

. 4925 

.4741 

23 

.6246 

.6288 

.6677 

.4342 

.4847 

.4444 

24 

. 5773 

.5311 

.6472 

. 6632 

.5621 

.5427 

26 

.6970 

.6394 ! 

.6986 

.5616 


.6437 

26 

.5889 

.6432 


.5820 


.5566 

27 

.6926 

.5730 

.5806 

.6438 

.6110 

.6713 

28... 

.6046 

.5799 


.6566 

.5918 

. 6542 

29 

. 6022 

.5801 

.5854 

.6997 

.6866 

.6411 

30 

.5994 

.6062 


.6838 1 

. 6794 

.0466 

31.- 

.5996 1 

.6258 

.6758 

.6814 

. 6866 

.6543 

32 

.6998 

.6023 


.7019 

.7019 


33 - 

. 6618 

.5809 

.5790 

.6667 

.7160 

.6284 

34 

.6516 

.6188 


.6780 

.6720 

.6281 

36 

.6392 



.7026 

.6992 

.6438 

36 

..6581 



.6622 

.7092 

. 6356 

37 

.6760 



.7296 



38 




.7286 



39 




.7018 











Table 4. — Statistical comparisons of the mean difference in daily increase in dry 
weight {grams) of seed from soils of different productivity with odds that differences 
are significant 


Period of pro- 
ductivity 

Variety 

6 and 3 year 
rotation 

5-yeBr rotation and 
continuous cropping 

3-year rotation and 
continuous cropping 

Mean dif- 
ference 

Odds 

Mean dif- 
ference 

Odds 

Mean dif- 
ference 

Odds 

First - 

Second 

Third 

/Bison 

iDiadem 

/Bison 

\Diadem 

/Bison 

0.007114 

-.000336 

.002160 

-.028873 

.023780 

-.009325 

14:1 

1:1 

1:1 

22:1 

30:1 

5:1 

-0.021250 

-.012073 

-.056668 

.011000 

.024760 

.042200 

460:1 

324:1 

470:1 

4:1 

15:1 

10,000:1 

-0.027914 

-.012700 

-.061045 

.035460 

.004020 

.062857 

2,700:1 

1,374:1 

5,000:1 

243:1 

1:1 

4,000:1 


\Diadem 


Comparisons of seed weieht of the flax grown in the three systems 
of craping have been made for three periods of growth. The firat 

S eriod includes the first 15 days after flowering, the second from 16 
ays until the maximum seed size was reached, and the third from 
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maximum seed size to maturity. The approximate maximum seed 
size was reached on the twenty-fourth day after flowering for Bison 
and on the twenty-eighth day for Diadem. The mean difl’erence and 
the odds derived from student^s pairing method and tables of Z are 
given in Table 4. 

The results obtained indicate approximately the same response to 
soil productivity as was shown by the seed and boll measurements. 
(Table 1.) The differences in seed weight of flax produced on the 3 
and 5 year rotation plots are not significant, but the odds are great 
that during the first two growth periods the seed weight obtained 
from either of the rotation plots is less than that obtained from the 
continuous cropping plot, indicating that the seed developed more 
rapidly on the soil of lowest productivity. During the final growth 
period when the increase in seed weight was slight, the above relation 
was reversed for Diadem only, and the odds are great that the seed 
weight is less from the continuous cropping system than from either 
of the rotations. The difference in varietal response during the final 
growth period suggests that Bison is better suited to soil of low pro- 
(iuctivity than Diadem. 

Determinations of the daily increase in oil content were begun at 
five days after flowering for the 3-year rotation and at seven days 
after flowering for the 5-year rotation and the continuous cropping 
system. At the 5-day stage there was considerable difficulty in 
separating the very small seeds from the threshed bolls. The per- 
centage of oil from Bison only is given in Table 5. These results, 
secured at frequent periods of development, show no consistent dif- 
ferences in response to soil productivity for the different cropping 
systems during the period of oil formation. Statistical compaiisons 
of the oil content made from the twenty-third day to maturity be- 
tween the flax produced on the 5 and 3 year rotation and the 5-year 
rotation and continuous cropping plots give a mean difference in 
favor of the 5-year rotation of 0.56 per cent and 0.87 per cent oil, 
respectively, with odds of 6:1 and 21:1 that these differences are 
significant. The comparison between the oil content of the seed from 
the 3-year rotation and continuous cropping plots gives a mean dif- 
ference in favor of the former of 0.42 per cent oil. The odds are only 
4:1 against the occurrence of differences as large or larger due to 
errors of random sampling. 


Table 5. — Relation of soil productivity to the daily increase m percentage oil content 
of Bison flax based on the dry weight of the seed 




248 


Journal of Agricultural Research 


Vol. 45, No. 4 


Varietal differences in the rate of development of seed and boll size, 
dry weight, and oil content of the seed are shown by the average 
results from the three cropping systems. Such an average is justifiable 
from the statistical comparisons previously made. This average also 
shows more accurately daily changes in size and composition of the 
seed throughout the entire growth period. The growth curves (fig. 1) 
from the averaged results show that the length, width, and thickness 
of the seed increased rapidly, reaching an approximate maximum at 
nine days after flowering. From this stage until shortly before ma- 



DAYS AFTER FLOWERING 

Fiqtjee 1. -Average dally seed and boll measurements, (A) dry weight of 100 seeds, and the iier- 
oentage and iodine number (B) of the oil of Bison and Diadem flax 


turity there was no great change in seed size. Coincident with the 
decrease in moisture content witn approaching maturity, the measure- 
ments show a slight but consistent decrease. Throughout the entire 
growth period there was a :^markably close agreement in the daily 
development of the two varieties, which probably indicates that the 
flax varieties used are quite similar physiologically although different 
morphologically. The close agreement of these results with those 
secured by Dillman {S) with the variety Rio (C. I. 280) gives further 
evidence for this conclusion. Since the m aximum seed size is reached 




Aug. 15, 1932 Relation of Agronomic Practice to Oil in Flaxseed 


249 


at an early stage of development, it is quite likely that environmental 
influences have only small opportunity to become manifest. 

The daily increase in length and diameter of the boll follows very 
closely that of seed size, reaching a maximum for both varieties at 
nine days after flowering. From this stage until shortly before 
maturity there is no appreciable change in size. The lowering of the 
moisture content with maturity resulted in a slight reduction in boll 
size. 

The daily increase in dry weight of the seed progresses at a fairly 
uniform rate until approximately 24 days after flowering for Bison 
and 28 days after flowering for Diadem. This diflperence of four days 
represents the difference in number of days from flowering to maturity 
of the two varieties, the variety Diadem maturing somewhat later 
than Bison. After the seeds reached their maximum weight there 
was no great increase to maturity. These results are again in close 
agreement with those secured by Dill man, (5). 

The average oil content shows a fairly uniform increase from 5 to 25 
days after flowering, followed by a slight but consistent decrease until 
maturity. The initial oil content is much higher than was found by 
Dillman (5). This difference may be explained in part b}^ the differ- 
ence in analytical method used. Dillman determined the oil content 
by the refractive index method developed by Coleman and Fellows (4). 
The accuracy of this method is dependent on a constant initial refrac- 
tive index of the oil. Since the increase in oil content is positively 
correlated with an increase in refractive index, it is apparent that an 
initial refractive index lower than the accepted standard will give a 
lower oil content than that whicti actually exists in a given sample. 
Unpublished data furnished by Anderson ® show a high positive cor- 
relation between the iodine value and the refractive index. Since 
the iodine value at early stages of development is much low^er than at 
later stages, it is quite likely that the refractive index of the oil is 
likewise Tower than the standard value. Oil determination by such 
methods may therefore give erroneous results in this type of study. 
The results secured during the later stages of development agree very 
closely with those reported by other investigators. 

Determination o^ the iodine absorption number of the oil w^as made 
on seed of Bison obtained from the 3-year rotation plot. The results 
given in Figure 1 and Table 6 suggest that the fatty acids which make 
up the oil at eariy stipes of development are more saturated than 
those at later stages. The progressive change in degree of saturation 
is completed at 17 days after flowering and remains constant for a 
short time, then decreases from this point to maturity. 

Table 6 . — Iodine absorption numbers of Bison flax from the S^year rotation system 
on various days after flowering 


Days after 
dowering 

Iodine 

No. 

Pays after 
flowering 

Iodine 

No. 

Pays after 
flowering 

Iodine 

No. 

Pays after 
flowering 

Iodine 

No. 

5 

106 

13 

131 

19 

160 

27 

157 

7 

116 

14 

148 

21 

160 

30 

158 

9. 

116 

l.*» - 

153 

23 

158 

33 

168 

11 

124 

17 . — - 

160 

26 

158 









( Andersoo, R. cluanist, Archer-Daniels-Midla&d Co. 
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These results confirm the conclusion reached by Ivanow (10), and 
indicate that in the synthesis of the oils in flaxseed the saturated fatty 
acids are formed first. These are then progressively transformed to 
acids possessing a greater degree of unsaturation. The view that fatty 
acids are synthesized from glucose is generally accepted at the present 
time, although the exact intermediate products are not known. 
During the ether extraction of seed at the period of five to eight days 
after flowering, traces of resinous substances were isolated from the 
extracted oil. Although these substances were originally ether solu- 
ble, it was impossible to rodissolve them in ether after t.he ether had 
been evaporated. Preliminary studies indicate that the seed con- 
tained from 0.3 to 0.7 per cent of this insoluble fraction. It is quite 
possible that these substances may be intermediate condensation 
products in the synthesis of fatty acids from glucose. No traces of 
this product were found after the 9-day stage. 

THE RELATION OF DELAYED PLANTING TO YIELD AND COMPOSITION OP THE 

SEED 

Extensive investigations at University Farm, St. Paul, with several 
standard varieties have shown that delayed planting of flax generally 
results in a considerable reduction in yield of seed. Simflar results 
have been secured by investigators at other experiment stations. The 
reason for such reductions in yield has not always been aiiparent, since 
in most instances the difference in percentage of full stand at each 
planting date has not been suflScient to bring about wide yield differ- 
ences. During 1929 and 1930 detailed studies were inaae to deter- 
mine whether the reduced yield could be explained on the basis of the 
average number of seeds per boll and the average number of bolls per 
plant. The determinations were made on four flax varieties planted 
in replicated rod-row plots at five successive 10-day intervals beginning 
on May 1. In 1930 an attempt was made to establish a uniform 
stand at each planting d^te by thinning the plants when about 1 foot 
tall to a distance of 1 inch apart within the row. This distance per- 
mitted thinnii^ for the first three dates, but a poor stand gave for the 
last two plantings an average spacing greater than for the first three. 
In 1929 the plants were not thinned. The stand, however, was ap- 
proximately uniform for ail dates. 

The average number of bolls per plant was determined from counts 
of approximately 400 plants uniformly distributed among three 
replicates. Between 400 and 500 boUs selected at random from the 
plants were threshed individually to determine the average number 
of seeds per boU. 

The results secured from each of the varieties for five dates of 
planting show a remarkably close agreement in 1929 between the 
decrease in yield and the reduction in number of seeds per boll. (Table 
7.) Of the four varieties, Redwing and Winona show the least reduc- 
tion in yield and in seeds per bml as a result of delayed planting. 
Although the average number of bolls per plant was greatly de- 
creased by delayed planting, its relation to yield is not as striking as is 
the number of seeds per boll. 
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Table 7. — Relation of delayed planting to the yield of seedf average number of seeds 
per boll, and averse number of bolls per plant of four flax varieties planted at 
successive lO-day intervals 

[The yield data are given in percentage of that ol>tained from the May 1 planting] 

SEED YIELD IN PERt^ENTAOE 


Variety 

Planting date, 1929 

Planting date, 1930 

May 1 

May 

10 

May 

20 

Junel 

June 

10 

May 1 

May 

10 

May 

20 

I 

Junel 

June 

10 

Redwing.. 

100 

99.5 

77.3 

19.3 

3.9 

100 

78.8 

.58.0 

3.5.9 

13.9 

Bison 

100 

72. 2 

66.1 

8.7 

2.6 

100 

69.3 

38.0 

20.0 

4.4 

Buda 

100 

46.2 

41.8 1 

6.6 

2.2 

100 

64.9 

33.6 

16.0 

6.3 

Winona 

100 

80.3 

73.2 

23.6 

10.2 

100 

92.3 

63.2 

61.6 

21.3 

Weighted average 

100 

80.0 

68. 1 

16.3 

5.2 

100 

1 

76.2 

49.2 

21.0 

11.0 


NUMBER OF SEEDS PER BOLL 


Redwing.. - 

7.80 

7.79 

7.10 

3.28 

0.83 

8.31 

8.77 

7.63 

5.98 

5. 54 

Bisnn 

6.24 

6.00 

3.92 

.66 

.43 

7. 29 

6.44 

4.40 

2. 91 

4.90 

Buda 

6. 82 

.5.66 

4.99 

1.07 

.27 

6. 74 

4. 42 

4.37 

3.20 

4.18 

Winona — 

7.9.5 

7. .37 

6.89 

3.00 

1.26 

7.49 

7.40 

6.88 

5.37 

5.20 

Average . 

7.20 

6,71 

5. 73 

2.00 

.70 

7.46 

6.76 

5. 84 

4, 37 

4.96 

Per cent 

100 

1 

93.2 

79.6 

27.8 

9.7 

100 

90.6 

78.3 

68! 6 

66.5 


NUMBER OF BOLLS PER PLANT 


Redwing 

11.22 

11.47 

7. 16 

6.97 

5.69 

16. 52 

16.86 

9. 73 

8. 92 

10.84 

Bison 

15. 93 

14.27 

10.63 

7.13 

5. 76 

20.36 

15.94 

10.24 

10. 16 

4.48 

Buda 

15.00 

18. 32 

10.53 

7.28 

4.18 

16.86 

17.29 

9.90 

10.98 

4. 84 

Winona 

17.28 

15. 02 

11.36 

8. 67 

9.07 

19.02 

16. 76 

9.02 

14.48 

10.89 

Average,.- 

14.86 

14.77 

9.92 

7. 49 

6.17 

17.94 

16. 21 

9.72 

11. 13 

7. 76 

Per cent 

100 

99.4 

66.8 

50.4 

41.6 

100 

90.4 

64.2 

62.0 

43.3 


In 1930 the relation between yield at the different planting dates 
and the number of seeds per boll and bolls per plant is not as close as 
in the previous year. This is true especially for the last two dates, 
where the poor stand probably influenced the results. The four 
varieties responded in nearly the same way as in the previous yearns 
study, Redwing and Winona being less influenced by delayed planting 
than Bison or Buda, The average results for the four varieties given 
in percentage of the yield obtained from the May 1 date of planting 
are shown for each of the two years in Figure 2. 

Although the two years* study has shown a marked reduction in the 
number of seeds per boll as a result of delayed planting, the exact 
reason for this response is not known. Pollen sterility resulting from 
high temperature at flowering time is not a satisfactory explanation, 
since rudimentary seeds were found to be present in the mature bolls, 
indicating that fertilization had taken place. It is quite possible that 
desiccation resulting from high temperatures during the etirly period 
of seed formation may have injured the developing ovules. The very 
immature seeds have a high moisture content (80-83 per cent during 
the first 12 days in 1929), and moisture loss through the thin wall of the 
inclosing boll may have reduced their water content to a point where 
further development could not take place. 



262 


Journal of Agricultural Research 


Vol. 48, No. 4 


The influence of delayed planting on the oil content of the seed was 
determined from four varieties in 1929 and two varieties in 1930. 
The iodine number of the extracted oil was made on the 1930 crop. 
Table 8 shows that delayed planting resulted in a very slight reduc- 
tion in oil content in 1929, the reduction in Bison being somewhat 
greater than in the other varieties. In 1930, however, there was no 
consistent change in either of the two varieties used. These results are 
in close agreement with those reported by other investigators (5, 9). 

The data from the 
study of the iodine 
number of the oil from 
the 1930 crop show a 
consistent reduction 
for Bison for the first 
four dates but no sig- 
nificant change for 
Redwing. Both vari- 
eties had a higher io- 
dine number for the 
last date of planting 
than for the other 
dates . The seed from 
this planting was not 
fully mature when 
harvested, and there- 
fore the results from 
this date of planting 
are not comparable 
with the others. The 
studies made on the 
oil from seed at fre- 
quent stages of devel- 
opment gave a some- 
what lower iodine 
number for the fully 
mature seed than for 
immature seed at 17 
days after flow^ering. 
The results secured 
by Bushey, Puhr, and Hume {S) likewise show a lowering of the io- 
dine number with progressive maturity. These results suggest that 
the high iodine number of the seed from the last date of planting was 
due to its immaturity. 

The results of these investigations, together with those previously 
reported, show conclusively that oil content is less influenced by 
environmental changes than are the other plant characters studied. 
The maintenance of uniformity in oil content while other characters 
were changed by delayed planting suggests that the composition of 
flaxseed is a fairly constant heritable character. The uniformity in 
oil content does not, however, justifv late planting of flax, inasmuch as 
this practice results in a lower yield of seed. 



0 iO 20 30 40 

PAYS AFTER USUAL FLANTm DATE 

Figure 2.—The relation of delayed planting to the yield of seed, num- 
ber of bolls per plant, and number of seeds per boll in 1929 (A) and 
1930(B). The data are given in percentages of those obtained from 
the May 1, or usual, planting date 
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Table 8. — Relation of delayed planting to the percentage of oil, iodine number ^ and 
average number of days from full bloom to maturity of flax varieties planted at 
successive 10-day intervals after May 1 




PERCENTAGE OIL 

Planting date, 1929 j Planting date 

, 1930 


Variety 

May 1 

May May 
10 20 

Junel May I 

May 

20 

June 1 

June 

10 

Kedwing. 

36.4 

36. 7 36. 0 

35.7 34.6 .34.7 35.1 

35.4 

34.7 

35. 1 

Bison 

Buda 

37.8 
30 7 

37. 3 37. 1 

36 8 35,3 

.36. 4 35. 5 30. 1 36. 7 

3.5 3 35 0 

36.4 

36. 1 

36.7 

Winona 

34.4 

34., 5 .34.3 

34.2 33.8 ■ 




Average.. 

30,3 

36.3 35.7 

35. 4 34. 7 3.5. 4 35. 9 

35. 9 

35.4 

35.9 



IODINE NUMBER 




Redwing .1 


....-J J 

. 175.2 176 4 

175.3 

174.8 

181.0 

Bison . - j j. ... j 

DAYS FROM FULL 

- 164.6 159.4 

BLOOM TO RIPE 

158. 2 

156.4 

172.2 

Redwing 

46 

42 37 

32 35 32 26 

30 

34 


Bison 

42 

42 36 

35 32 32 30 

30 

•28 


Buda 

42 

42 38 

35 34 29 31 

29 

30 


Winona 

42 

43 38 

32 32 33 29 

29 

34 


Avenige. 

43 

42 37 

34 33 32 29 

29 

32 



SUMMARY 

The experimental results reported here include two phases of a 
study with flax — (1) the rate of development of the seed, boll, and 
oil on soils of different produ<‘tivity, ana (2) the influence of delayed 
planting on yield and composition of the seed. 

In the first phase of the study two varieties of flax, Bison (Minne- 
sota accession No. 199) and Diadem (Minnesota accession No. 197), 
were grown at University Farm, St. Paul, Minn., on a portion of the 
wheat plots of a 5 and 3 year rotation and on a plot continuously 
cropped to wheat. 

Daily measurements were made of the length, width, and thickness 
of the seed, length and diameter of the boll, and dry weight of the 
seed of both varieties. The rate of development of the oil content 
was studied only with Bison. The iodine number was determined 
on the seed obtained from Bison grown on the 3-year-rotation plot. 

The daily seed and boll measurements indicate a more rapid rate 
of growth during the first week after flowering on the soil of lowest 
productivity (the continuous cropping plot). After the maximum 
seed and boll size was reached there was no consistent difference in 
size of seed or boll on either of the plots used. 

The measurement of the daily increase in dry weight of the seed 
gave the same type of response on soils of different productivity 
during the period of most rapid increase in seed weight. From this 
period to maturity (approximately seven days) the seed of Diadem 
grown on the continuous-cropping plot was found to be significantly 
smaller than from the 3 or 5 year rotation plots. The seed weight 
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of Bison during a similar period was practically the same from each 
of the plots, which suggests a varietal re^onse to soil fertility, 
Bison probably being better suited than Diadem to soil of low 
productiveness. 

Varietal difference in rate of development of seed and boll and the 
dry wei^t of the seed were studied from the averages from the three 
plots. The growth curves show that the length, width, and thickness 
of the seed and the length and diameter of the boll increased rapidly, 
reax^hing an approximate maximum size for both varieties at nine 
days after flowering, remained fairly constant for a considerable 
period, then decreased slightly with complete maturity. 

The daily increase in dry weight of the seed progressed at a fairly 
uniform rate until 24 days after flowering for Bison and 28 days after 
flowering for Diadem, then increased slightly to complete maturity. 
The results of the measurements show that the growth rate of both 
varieties are nearly identical. 

The average oil content of Bison, studied at 2-day intervals, showed 
a fairly uniform increase from 5 days to 25 days after flowering, fol- 
lowed by a slight decrease to maturity. 

The iodine absorption number made at frequent periods on the 
seed of Bison from the 3-year rotation suggests that the saturated 
fatty acids are formed first in the synthesis of oil, but are progressively 
transformed to acids with a greater degree of unsaturation. The 
iodine numbers increased rapidly from 5 days to 17 days after flower- 
ing, remained fairly constant for a short period, then decreased 
slightly to complete maturity. 

In the second part of the study, which dealt with the influence of 
delayed planting on the yield and composition of the seed, four 
standard varieties were grown during 1929 and 1930 in replicated 
rod-row plots and were sown at live successive 10-day intervals 
beginning on May 1. From these varieties the yield of seed, average 
number of seeds per boll,.average number of bolls per plant, percentage 
of oil, and the iodine absorption number of the oil were determined 
from each planting date. 

The results of this phase of the study show that the yield of seed is 
greatly reduced as a result of delayed planting. The reduction in the 
number of seeds per boll and the number of bolls per plant followed 
veiy closely the reduction in yield, which may explain the lowered 
yield from late-planted flax. The reduction in the number of seeds 
per boll could not be attributed to lack of fertilization of the flower, 
since rudimentary seeds were present in the ovary. High tempera- 
tures may have been lethal to the developing seen at an early stage 
of CTowth when its moisture content was very high. 

The analysis of the seed showed a very slight remiction in oil content 
with delayed planting in 1929, but no consistent differences in 1930. 
The iodine number of the oil determined from two varieties in 1930 
indicated a slight decrease with delayed planting for Bison but no 
significant change for Redwing. 

The results of this study suggest a difference in varietal response to 
delayed planting. Of the four varieties tested, Redwing and Winona 
shbwed less reduction in yield than Bison and Buda. 
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RELATION OF COMMERCIAL HONEY TO THE SPREAD 
OF AMERICAN FOULBROOD ' 

By A. P. Sturtevant 2 

Associate Apicullurist, Division of Bee Culture^ Bureau of Entomology, United States 
Department of Agriculture 

INTRODUCTION 

The relation and importance of commercial honey to the spread of 
American foulbrood of bees has occupied the attention of the bee- 
keeping industry more or less prominently for many years. The 
theory has been promulgated that honey which has not come from 
disease-free apiaries is dangerous because of the possibility of its dis- 
seminating American foulbrood. A few States and at least one for- 
eign country require that honey intended for interstate shipment be 
accompanied by a certificate from the bee inspector of the State in 
which the honey originated to the effect that such honey was produced 
in apiaries free from American foulbrood. 

It is a well-established fact that honey taken directly from the 
combs of the brood chambers of colonies affected by American foul- 
brood is capable of producing the disease if fed to healthy colonies. 
Since commercial beekeeping practice bans the extracting of honey 
from the brood nest, it is difficult to undei-stand how heavilv infected 
honey, in large quantities, could get on the market. Whether honey 
from supers that have been on colonies affected with American foul- 
brood is of serious importance in transmitting the disease is still open 
to question. White {30, p, i35y says: ^^The likelihood that the disease 
will be transmitted by combs from diseased colonies, which contain 
honey but no brood, probably is frequently overestimated.^^ On the 
other hand, Millen (^3) found that combs built from foundation and 
completely filled above an excluder with honey from colonies that 
had been destroyed by American foulbrood produced disease in all of 
10 colonies made from package bees to which one cornb each of the 
honey had been given. Corkins {8) expressed the belief, as a result 
of preliminary studies, that Extracted honey produced above an 
excluder in a colony in the early stages of American foulbrood is 
insignificant in the spread of this disease through commercial honey.” 
The conflicting nature of these observations emphasizes the need for 
further research before the certification of honey is required as a 
means of alleviating the foulbrood situation. 

In both animal and plant disease bacteriology it is known that 
pathogenic microorganisms may vary considerably, even within indi- 
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vidual species, in virulence and in ability to produce disease. Fur- 
thermore, as stated by Zinsser {31, p, 188-189 ) — 

Whether or not infection occurs depends also upon the number of bacteria 
which gain entrance to the animal tissues. A small number of bacteria, even 
though of proper species and of sufficient virulence, may easily be overcome by 
the first onslaught of the defensive forces of the body. Bacteria, therefore, must 
be in sufficient number to overcome local defenses and to gain a definite foothold 
and carry on their life processes, before they can give rise to an infection. The 
more virulent the germ, other conditions being equal, the smaller the number 
necessary for the production of disease. The introduction of a single individual 
of the anthrax species, it is claimed, is often sufficient to cause fatal infection; 
while forms less well adapted to the parasitic mode of life will gain a foothold in 
the animal body only after the introduction of large numbed.; 

In the case of American foulbrood the quantity of infectious mate- 
rial that honey must carry in order to produce disease in a colony has 
never been determined. White {30, p. 30, footnote 1) states, in con- 
nection with inoculating healthy colonies experimentally with Bacillus 
larvae: 

It was found that less than one scale is sufficient disease material to produce a 
considerable amount of disease in the colony. In some experiments one scale, 
therefore, might supply all the spores needed although the use of a somewhat 
greater quantity of material is advisable in most instances. 

While infected honey no doubt does become mixed with disease-free 
honey, it is probable in many cases that, because of the practice of 
using large settling and storage tanks, infected honey would be so 
diluted with spore-free honey as to make the spore content insufficient 
to produce infection even if fed to healthy bee larvae. Therefore, one 
object of these investigations was to determine the minimum number 
of spores of Bacillus larvae in honey necessary to produce American 
foulbrood in healthy colonies of bees as correlated with the infectivity 
or spore content of the average commercial honey. 

In order to obtain information relative to this subject, experiments 
were conducted in the apiary over a period of five years. In these 
experiments honey or. sugar sirup with a known content of spores of 
Bacillus larvae was fed to healthy colonies and the minimum number 
of spores that would produce infection was determined. At the same 
time laboratory studies were carried on with cultures of spores of B, 
larvae, concerning certain growth phases of the organism, particularly 
the minimum number of spores that would produce vegetative growtn 
on artificial culture media. Methods for demonstrating the presence 
or absence of spores of B. larvae in samples of commercial honeys were 
also investigated, and these honeys were studied in relation to their 
infectiousness as correlated with the spore-feeding experiments. 
These three phases of the investigation will be discussed in the order 
mentioned. 

MINIMUM NUMBER OP SPORES OF BACILLUS LARVAE NECES- 
SARY TO PRODUCE DISEASE IN HEALTHY COLONIES OF BEES 

METHODS OF PROCEDURE 
Location of Experiments 

These investigations were started during the summer of 1926 in a 
small experimental apiary located about half a mile from the bee 
culture laboratory of the Bureau of Entomology at Somerset, Md. 
The location at Somerset was undesirable, however, because of its 
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close proximity to the apiary connected with the laboratory and to 
other privately owned colonies of bees, necessitating extreme pre- 
cautions to prevent spread of the disease. In 1927 the experimental 
work was transferrecl to the Intermountain States bee culture field 
laboratory at Laramie, Wyo.^ In Wyoming an ideal isolated location 
was found, about 14 miles east of Laramie in the Medicine Bow Na- 
tional Forest, the nearest colonies of bees being at least 14 miles away 
and probably farther. Since this location is more than 8,000 feet 
above sea level, there is only a slight nectar flow from wild flowers, 
which assures the immediate use of any inoculated sirup fed to colonies 
of bees. In fact, after the middle of the summer it was found neces- 
sary in most cases to feed the experimental colonies with uninocu- 
lated sugar sirup in order to prevent starvation. 

In 1927 and 1928 the colonies used for experimentation were located 
in two yards between a quarter and a half mile apart. The arrange- 
ment of the colonies in the two yards was such as to prevent drifting 
as much as possible. In 1929 and 1930, in order to limit still further 
the danger of transmission of disease because of drifting or robbing, 
20 colonies were stationed in pairs, so arranged as to minimize the 
danger from drifting, in 10 isolated locations at least a quarter of a 
mile apart. 

Make-up op Colonies 

Five-frame nucleus hives were used for the spore-feeding experi- 
ments. The colonies were prepared either with two or three frames 
of brood, honey, and adhering bees taken from healthy colonies, 
together with a young laying queen, or, as in 1927, 1928, and 1929, 
by placing a 2-pound package of bees containing a laying queen on 
foundation or on c-ombs containing honey from healthy colonies and 
feeding them sugar sirup. During a good honey flow these small 
colonies were allowed to build up in the apiary connected with the 
laboratory until they consisted of three or four frames of brood before 
they were moved to the isolated locations. The bees making up the 
colonics used for the feeding experiments from 1927 to 1930 at Lara- 
mie, Wyo., were all from the same general strain. 

Material Used for Inoculation 

Spores of Bacillus larvae were obtained from American foulbrood 
scales in combs taken from diseased colonies located in the States of 
Maryland, Iowa, and Wyoming. The strain used at Somerset, Md., 
was obtained from a sample sent to that laboratory for diagnosis. 
Two different strains were used at Laramie during 1927, 1928, and 
1929, one obtained from a diseased colony in the experimental apiary 
belonging to the University of Wyoming and one obtained from a bee- 
keeper at Lander, Wyo. In 1930 three other strains were used in 
the feeding experiments, one from Iowa and two from apiaries in 
Wyoming. 

Preparation of Spore Suspensions 

In preparing the spores for feeding to the healthy colonies, scales 
were removed from the combs by means of sterile forceps (the neces- 
sary precautions being taken against contamination) and placed in 
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a flask containing 50 c c of sterile water and glass beads. After the 
scales had softened in the water, the flask was shaken for one-half 
hour to insure complete maceration of the scales. The suspension 
was then filtered through two thin layers of sterile absorbent cotton 
into another sterile flask in order to remove any lumps or debris. 

In preparing the stock suspensions of spores, at first 75 to 100 
scales were taken by counting. Later it was found that the average 
American foulbrood scale weighs 0.0223 g. Therefore, the 100 scdes 
for the stock suspensions were obtained by weight, the scales being 
weighed in a sterile covered glass dish before they were deposited 
in the flask of sterile water. 

After the suspension had been filtered and tested for contamina- 
tion and was ready for use, the number of spores per cubic centimeter 
was determined by the following method: By means of a blood- 
diluting pipette giving a dilution of 1 to 20, the spore suspension was 
diluted with a weak solution of carbol fuchsin and a drop placed in 
the counting chamber of a Helber bacteria-counting cell 0.02 mm 
deep and ruled in squares of 0.0025 mm“ each.® With the use of 
two 15 X eyepieces in a binocular microscope and a 1.8-mm oil- 
immersion objective, the spores in 25 squares of the Helber chamber 
were counted. Then by means of the formula 

Total spores counted X dilution X 2 0,0 00 X 1,000 
Number of squares counted 

the approximate number of spores per cubic centimeter in the sus- 
pension was determined. 

Later this method was checked by the method of Breed and Brew 
(2) for counting bacteria in milk. With the aid of a binocular micro- 
scoi)e having two 15 X eyepieces and a 1.8 mm oil-immersion ob- 
jective, the area of a circle etched on an ocular micrometer disk was 
determined by means of a stage micrometer. One one-hundredth 
cubic centimeter of a 1 to 100 dilution of the stock suspension of 
s])ores was placed on a glass slide on which 1 cm^ had been ruled 
with a diamond pencil. This was mixed with a small loopful of 
carbol fuchsin stain and the whole spread over the 1 cm ^ of surface ® 
and allowed to dry uniformly. The number of spores per cubic 
centimeter of the stock suspension was determined according to the 
formula 

Area 1 cm ^ ^ to tal number of spor es co unted X dilution X 100, 

Area of circular field number of circular fields counted 

These two methods were found to check fairly closely within the 
limits of the precision of the methods used in counting. Further- 
more, by both methods it was found that in the majority of cases 100 
scales in 50 c c of water give apjjroximately 5,000,000,000 spores per 
cubic centimeter for each suspension made up in tWs way. Therefore, 
this number was used as a standard for making all dilutions. 


are the abbreviations for square mUllmeter and square oeattmeter, respectively, recently 
adopted by the Style Manual for Uuit^ States Oovemment printing. 
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After a considerable number of counts had been taken in making 
up several stock suspensions of spores, counting was eliminated and 
the spore content of the stock suspensions was standardized according 
to the method described by Gates (11, p. 114), as follows: “The 
opacity of a bacterial suspension is measured by the length of a col- 
umn of the suspension required to cause the disapjiearance of a wire 
loop.’^ An instrument known as a suspensiometer was used for this 
purpose. The use of this method saved considerable time and labor 
without appreciably affecting the precision of the counts. One liter 
of a 50 per cent solution of sugar in water was used as the standard 
quantity of inoculated sirup fed to each experimental colony. A 
scries of dilutions of the original stock suspension containing 5,000,- 
000,000 spores was made by adding different quantities of the spore 
suspension to 1 liter of sugar sirup. In this way the approximate 
total number of spores in each liter of sugar sirup to be fed to colonies 
of bees was known. 

Method op Inoculating Colonies 

In 1926 at Somerset, Md., the sugar sii*up containing the various 
dilutions of spores was fed to the colonies by means of gdvanized-iron 
troughs that were hung inside the hives after two combs had been 
removed. In these troughs sterile excelsior was placed for the ‘bees 
to walk on in order to prevent them from drowning. This method 
was found unsatisfactory, however. At Laramie, Wyo., the sugar 
sirup containing the spores was first placed in Boardman feeders, but 
owing to the danger of robbing at the entrance of the hives, the 
method finally used was to invert the jars in holes bored in the hive 
covers. In this way any leakage into the hives was cleaned up by the 
bees without danger of causing robbing. To prevent the jars from 
being broken or knocked over, box covers were placed over them and 
fastened to the hive covers. Each colony was usually inoculated only 
once with an individual dilution of spores. Duplkiate colonies were 
inoculated with each dilution of spores. Uninoculated check colonies 
were placed among those that were inoculated. 

PRIMARY OBSERVATIONS 

Observations of the condition of the brood were made at least once 
a week, and sometimes oftener, after the colony was given the liter of 
inoculated sirup. In 1926 at Somerset, Md., as soon as diseased 
larvae appeared in a colony, the colony was killed and at once re- 
moved from the apiary. Because of the isolated location near Lara- 
mie, Wyo., the colonies were left until the end of the brood-rearing 
season, when final observations were made. 

The results of the spore-feeding experiments are shown in Table 1. 
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Table 1. — Hesults of apor e-feeding experiments « 

[Duplicate colonies of bees (A and B) were used in the first 4 years, and triplicate colonies (A, B, and C) 

in 1930] 


Extent of foulbrood in— 


Total number 
of spores feci 

1928 

1927 

1928, 

repeat 

1928 

1929 

1930, 

final 

During 

season 

Final 

During 

season 

Final 

During 

season 

Final 


A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

c 

5 000,000 000 

-f 

v-f 


















2, 500, oooi 000 

-f- 

+ 







4- 

+ 

4 

4- 








liooojoooi 000 

-f 








4- 

4- 


4- 








’ 760 , oooi 000 

-1- 



















500 , OOO' 000 

+ 

-f 

+ 


_* 




4. 

4- 

_• 

4- 

4- 

+ 






3^1 OOO' 000 

-f 

0 

+ 


4- 




+ 


4- 









200'000i000 

-f 

?+ 

4- 

4- 

_• 

_• 

4- 













175,000,000 




4- 

• 


+ 












1.50, 000, (X)0 




+ 

_♦ 

_♦ 

_ 













126,000,000 



0 

?4- 

0 

_* 

0 













100, (KN), 0(K) 

0 

0 

0 

?+ 

0 

♦ 

0 

_ 

4- 

4- 

♦ 

4. 








75, 000, 000 



4- 

04. 




4- 

0 

4- 

0 

4- 

4- 

0 

4- 

0 




50, 000, 000 

0 

0 

0 

0 

0 

0 



0 

4- 

0 

— . * 

0 

4- 

0 

• 

0 

0 

0 

25, 000, 000 













0 

0 

0 

0 

0 

0 

0 

10, 000, 000 

6 

”6 











0 

0 

0 

0 




5, 000. 000 













0 

0 

0 

0 




2.500i000 













0 

0 

0 

0 




1,500,000 













n 

0 

0 

0 




500,000 













0 

0 

0 

0 




100,000 













0 

0 

0 

0 




Controls. 

l+,12~0 

l+,2~0 

14-,2-0 

1- 

-6 

i4-;3~o 

14-,3-0 

8 - 

-0 

8 - 

-0 

-0 

1 


« +, Positive American foulbrood; ?+, probable American foulbrood, very sliRht and unconfirmed and 
disap^arlng by end of brood-rearing season; 0, no disease found during season; — disease cleaned out by 
end of brood rearing; no recurrence in second season. 


In 1926 a total of 200,000,000 spores fed to a colony was the 
smallest mimber that produced disease; in 1927, on the other hond, 

75.000. 000 was the smallest number. However, in the latter year 
the spores were obtained from another locality in which environ- 
mental conditions were quite different. In an effort to obtain check 
results, the feeding experiments were repeated in 1928. Througli an 
error in making up the»spore dilutions, which was not discovered until 
too late for rectification, no colony received less than 50,000,000 
spores. This season one colony of the pair receiving an inoculation of 

50.000. 000 spores became infected. The feeding experiments were 
repeated again in 1929, with dilutions of spores from 75,000,000 
down to 100,000 — considerably less than the minimum number in 
1928. A^ain only one colony of the pair receiving a total of 50,000,000 
became infected. As a result of two years^ experiments this was 
found to be the apparent minimum number of spores of Bacillus larvae 
capable of producing infection when fed in 1 liter of sugar sirup. In 
1930 spores from three different localities were fed in duplicate to six 
healthy colonies in dilutions of 50,000,000 and 25,000,000 without 
prodiicing disease. 

It is therefore apparent that a certain minimum mimber or mass 
of spores is required to start the initial action capable of producing 
American foulbrood in healthy larvae. Under the conditions of these 
experiments this minimum number was approximately 50,000,000 
spores of inoculum per liter of sirup. 

SECONDARY OBSERVATIONS 

During the first three years of the experiments, or previous to 1929, 
at which time the experimental colonies were isolated in pairs, certain 
of the uninoculated control colonies developed disease, 1 out of 13 in 
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1926, 1 out of 3 in 1927, and 1 out of 4 in 1928. It was assumed that 
the disease was probably not spread by robbing, since no active rob- 
lung was observed at any time. In practically every case where a 
control colony becajne infected, it was so located in relation to the 
inoculated colonies that drifting of young nurse bees during play 
flights could account for the spread of the disease, in one or two cases 
quite definitely so. In 1929 all eight iminoculated colonies, although 
they were not located with the inoculated colonies but were within 
robbing range of all, remained free from disease. The prevention of 
drifting apparently eliminated the casual spread of disease. 

Occasionally a colony of bees affected with American foulbrood will 
try to clean out the diseased remains, often removing parts of the 
scales and sometimes actually tearing a comb down to the midrib in 
order to do this. White {SO, p. 34-35) states: 

There is considerable evidence to support the belief that occasionally in cases 
of light infection the disease may disapjjear unaided i)y treatment. * * * It 

should be emphasized that such a course for the disease, if it occurs at all, is 
unusual. Although American foulbrood spreads more or less rapidly within an 
infected colony, the fact remains that it frequently does not. 

Lineburg {16) in 1925 reported that in two colonies which were 
diseased in the spring the disease apparently disappeared later in the 
season. Three colonies were divided and used for making increase 
in June and July, but all remained free from disease, at least until the 
end of that season. Further observations were not reported. Gor- 
kins {8) in 1928 reported five colonies which w^ere given c.ombs con- 
taining scales of American foulbrood at the beginning of the honey 
flow of 1927 and developed no disease up to July 10, 1928. Two 
other colonies were observed to have cleaned out the disease and 
re.mained healthy for an entire season. However, during the several 
years of his experimental w^ork on American foulbrooo, the writer 
never observed a colony in which the disease was permanently 
cleaned out until 1927. In that year, of 16 colonies inoculated with 
various dilutions of spores, 4 colonies, 2 of which received more than 
the probable minimum dose causing infection, showed no disease 
during the season. The disease completely disappeared by the end 
()f brood rearing in 10 of the 12 other colonies that had showed either 
positive or probable disease some time during the summer. In 1928 
package bees were placed on the combs of seven of these colonies 
that had apparently cleaned out the disease during the previous 
summer and on two that had been inoculated with presumably a 
sufficient number of spores but which had remained healthy. Three 
of the seven developed disease again the second season, while four 
remained healthy during the entire season. Neither of the two 
inoculated colonies that had remained free from disease in 1927 
developed it in 1928. Of the 11 colonies inoculated in 1928 that 
developed disease, 4 cleaned up the disease by the end of the brood- 
rearing season and 2 inoculated colonies showed no disease. In 
1929, 1 of the 2 colonies developing disease cleaned up by the end of 
the brood-rearing season, making a total of 15 cases in which the 
disease was cleaned up by the end of brood rearing. Two of the 
colonies inoculated with the minimum infectious dose or more showed 
no disease during that summer. 

It is possible that, in the high altitude of Laramie, and in similar 
places where the air is very dry, the scales of American foulbrood 



264 


Journal of Agricultural Research 


Vol. 46, No. 6 


become dried without adhering so tenaciously to the cell walls as 
they do in more humid climates at lower altitudes. These observa- 
tions indicate the necessity of further work on the resistance of bees to 
the disease and variation in virulence of different strains of the 
oiganism, 

INOCULATION OF INDIVIDUAL BEE LARVAE WITH DEFINITE 
NUMBERS OF SPORES OF BACILLUS LARVAE 

In the light of the results of the foregoing experiments, in which 
colonies were inoculated with presumably a quantity of spores 
sufficient to produce infection but in which no disease developed, the 
question arises as to what became of the spores in the sugar sirup, 
some of which presumably were fed to healthy larvae. In those 
colonies developing disease that received a minimum number of 
spores, how many spores did each larva developing the disease receive? 
In order to obtain information on these points, a preliminary series of 
experiments was planned in which individual larvae were inoculated 
with known numbers of spores. 

Toumanoff {29) reports that he was unable to cause infection by 
giving individual larvae a drop of a rich emulsion of a culture of 
Bacillus larvae in salt solution. He found that man}’^ of the larvae so 
treated were removed from the cells by the bees, and those remaining 
failed to develop disease. He further found that larvae given only 
uninoculated salt solution were also removed in the same way. 
Therefore, in the present experiments sugar sirup was used instead 
of salt solution. In a comb from a healthy colony containing numer- 
ous coiled larvae, a drop of an uninoculated 50 per cent solution of 
sugar in water was placed in each cell containing a larva, as near the 
mouth parts of the larva as possible. The rim of each cell so treated 
was marked with a paint consisting of 1 part of liquid white shellac, 
1 part of a paint pigment, and 4 parts of ethyl alcohol. The sugar 
sirup was slightly colored with water-soluble eosin in order to aid 
in determining the effect. Frequent observations showed that 
practically all larvae that were fed this colored sugar sirup developed 
normally and were sealed over, the pigment markings still being 
present on the edges of the cappings. In most of the cells a residue of 
colored sirup could be observed for several hours after the larvae 
had fed. 

A series of 5-frame nuclei was prepared, each containing one or two 
combs having a large number of unsealed larvae. A set of dilutions of 
spores was made from a stock suspension with a sterilized 50 per cent 
sugar sirup in such a way that each 0.01 c c of the dilution would 
contain an approximate known number of spores, as indicated in 
Table 2. Sterilized 2 c c Luer tuberculin hypodermic syringes grad- 
uated in 0.01 c c, the needles of which had been blunted, were used 
in inoculating the cells containing coiled larvae. Fifty or more 
coiled larvae at least 4 days old were each given 0.01 c c of a dilution 
of spores, each dilution being given to larvae in one comb in a separate 
colony, and the cells so inoculated were distinctively marked. A few 
larvae that had just been sealed also were inoculated by puncturing 
the capping with the inoculating needle and depositing the 0.01 c c in 
the cell. Observations were taken at the end of 24 hours and at 
freguent intervals thereafter until the end of the brood-rearing 
sea^n. 
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Number of cells showing American foul-brood remains. 
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In the first series of inoculations the number of spores fed each 
larva ranged from approximately 5,000 down to 1. None of the 
larvae inoculated developed disease. (Table 2.) Later a second 
series of inoculations was made. The same colonies were used be- 
cause of the limited number available, but the larvae inoculated were 
in a different comb in each colony and a different color was used to 
mark the cells. In these inoculations the number of spores fed 
ranged from 5,000,000 down to 1,000 per larva. No disease devel- 
oped from this set of inoculations. 

It was thought possible that the nurse bees might be removing 
most, if not all, of the inoculated sugar sirup before the larvae had 
had time to ingest a sufficient number of spores to bring about infection . 
Therefore, in a third aeries of experiments each inoculated comb was 
placed in a screen-wire queen-nucleus introducing cage, and this cage 
was put back in the colony for periods ranging from one-half to one 
hour before the unprotected comb was replaced in the colony, thus 
theoretically giving the larvae time to ingest some of the sugar sirup 
before the nurse bees had access to the inoculated cells. In these 
tests the larvae were kept from the bees so long that many of them, 
becoming hungry, were starting to crawl from the cells. The number 
of spores fed ranged from 50,000,000 down to 500,000 per larva. 
Twenty-four hours after the larvae were fed it was found that all re- 
ceiving 50,000,000 and 25,000,000 spores had been removed from the 
cells, wliile those I’eceiving a smaller number of spores were either 
partly removed or remained in the cells, according to the strength of 
the dilution and the lei^th of time that the larvae were kept away 
from the nurse bees. (Table 2.) 

Two days later another set of larvae was inoculated with the same 
dilutions as were previously used for these colonies but on the other 
side of the same combs. In this series the combs were kept away 
from the bees for periods ranging from 5 minutes for the heaviest 
dilution to 30 minutes for the weakest. Again all the larvae receiving 
the 50,000,000 and 25,000,000 spores were removed, while those 
receiving the 5,000,000, which were kept from the bees for half an 
hour, were partly removed, and those receiving 7,600,000 or 10,000,000 
were not removed. Apparently there are two factors concerned in 
the removal of the larvae — the length of time they are kept away 
from the bees and the amount of foreign matter in the sirup, as indi- 
cated by the spore content, that is given to the larvae. 

The results of the last two series of inoculations showed that in the 
colonies in which the larvae were not remoyed, or were not entirely 
removed, several larvae in the colony receiving 10,000,000 spores per 
larva developed disease, while those in the colonies receiving a smaller 
number remained healthy. (Table 2.) This work should be repeated 
with a different colony for each set of inoculations, although appar- 
ently the disease did not spread in the colonies used. Only one colony 
of tne entire number developed disease. Although a certain degree 
of success was obtained, these results seem to bear out Toumanoff^s 
{^9) conclusion that the artificial infection of individual larvae is not 
brought about so easily as one had been in the habit of believing. 
Apparently, also, a considerable number of spores are necessary to 
establish an infection under these conditions. 
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MINIMUM NUMBER OF SPORES OF BACILLUS LARVAE PRODUCING 
VEGETATIVE GROWTH ON ARTIFICIAL CULTURE MEDIA 

Bacteria are known to pass through a definite cycle of growth, par- 
ticularly when cells from an old culture are transferred to fresh 
culture media. The growth stages have been described by Buchanan 
(3; ISf Ch. V)f Henrici {12)^ and Winslow {13y Ch, VI) somewhat as 
follows: The initial stationary phase during which no growth takes 
place; the logarithmic phase when the organisms begin to divide, 
slowly at first but gradually accelerating; and so on through the com- 
plete cycle of growth. Henrici {12 y p. 21 y 24) has observed that — 

Various factors, as temperature; the size, the age, and previous history of the 
inoculum; and the composition and nutrient value of the medium, influence the 
growth curves of bacteria. * * He Qf the various factors which influence the 

rate of growth and form of the growth curve, the initial number of cells introduced 
into a unit volume of medium seems to be one of the most important. 

Robertson (2S)y in studies of cultures of certain protozoa, has 
shown that growth seems to be stimulated by the presen(‘,e of other 
cells of the same type. This cJiaracteristic has been described at 
various times as mass action or communal activity. 

Early in 1929, in conjunction with the spore-feeding experiments 
in the apiary, an investigation was started to determine whether 
there is a similar manifestation of mass action in the vegetative 
growth of spores of BacilhiH larvae on artificial culture media. In a 
preliminary paper on this subject the writer {27y p. 4^^>) niade the 
following observations : Starting with a seeding of 5,()()0,0()(),()00 spores 
of B, larvae on a suitable slanted solid culture medium, it was found 
at the end of 48 hours’ incubation at 37® C. that growth had occurred 
in the original and in a diluted seeding containing GO, 000, 000 spores, 
but not in one containing 50,000,000 spores. Growth occurred in a 
diluted seeding containing only 5,000,000 spores after six days’ 
incubation, and in one containing 700,000 spores after 10 days’ incu- 
bation. (Table 4, Group 1.) These observations indicated that a 
certain initial mass of spores is necessary to start vegetative growth. 
Furthermore, althougli the growth results were rather irregular owing 
to the comparatively small number of cultures made, they seemed to 
show that, within certain limits, the smaller the seeding the longer 
the incubation period necessary to obtain germination of the spores 
and vegetative growth. From this preliminary work it was assumed 
that the lower nmits of dilution of the stock suspension that would 
give growth on longer incubation had not been reached. 

Ahrens (1) has observed, in cultural studies of scales treated with 
formalin solution for different lengths of time, that growth may 
occur in cultures from such scales after varying periods of incubation 
up to 30 days, depending on the length of treatment and the per- 
centage of formalin in the solution. Burnside (7) states, in connec- 
tion with studies of disinfection of American foulbrood combs by 
fumigation with formaldehyde gas, that *4t is probable that if scales 
had been washed and the incubation period increased, growth of 
Bacillus larvae would have been obtained in some instances when 
negative results were recorded.” 

Therefore, a single trial series of cultures was run (No. 7, Table 4), 
the total incubation period being 30 days. Results from this set of 
cultures showed that in some cases growth was obtained after 30 
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days^ incubation where no growth was observed after 10 days^ incu- 
bation, Work on this phase of the problem was continued during 
the summer and fall of 1930. Several sets of cultures were made in 
which Bacillus larvae from eight different localities were used in a 
series of seedings with a decreasing number of spores for each lot of 
the organism and all incubated for 30 days. (Table 4, Group 2.) 

METHODS OF PROCEDURE 

Culture Media 

A culture medium was used similar to that employed by the writer 
in the preliminary experiments {27) and also in earlier cultural work 
with Bacillus larvae {26) — that is, a combination of the medium made 
of yeast-extract and egg-yolk suspension and the carrot-extract 
medium of Lochhead {18). The yeast-carrot extract medium was 
prepared as follows : 

(A) Dried yeast — _grams„_ 10 

Peptone. do 10 

Buffer (sodium glycerophosphate) do 2. 5 

Water (distilled) cubic centimeters. _ 600 

This solution was heated in flowing steam for one-half hour and, after a table- 
spoonful of siliceous earth had been added to assist in the filtration and clarifica- 
tion, it was filtered through filter paper on a perforated porcelain funnel with 
suction. 

(B) Two hundred grams of cleaned carrots was macerated in a meat grinder, 
added to 600 c c of distilled water, and allowed to stand for at least 30 minutes, 
preferably longer. The macerated carrot was removed by filtration through 
fine muslin, as much liquid as possible being squeezed from the mass. The 
filtrate was then clarified by the addition of siliceous earth and filtration in the 
same manner as the yeast-extract medium. 

(C) The final base medium was prepared by mixing 600 c c of A with 200 c c 
of B and adding 700 c c of a 3 per cent solution of washed agar. 

The reactipn of the medium was so adjusted that when 2 c c of 
sterile egg-yolk suspension, prepared as described in a previous paper 
{26) y was added to 10 c c of the yeast-carrot extract base medium by 
means of the apparatus shown in Figure 1 , and described previously 
{26)y the pH value was 6.8. The medium was then sterilized in the 
autoclave at 15 pounds* pressure (sea level) for 15 minutes. After it 
had cooled to 45° C., 20 drops, or about 2 c c, of the sterile egg-jrolk 
suspension was added to each tube of medium, mixed by shaking, 
and the medium was then allowed to solidify in a slanting position. 

The Loclihead yeast-extract medium was tried without the addition 
of egg-yolk suspension, but although it gave good growth with the 
heavier seedings of spores, the combination medium was found to give 
more uniform germination and heavier vegetative growth with the 
more dilute seedings. The addition of the carrot extract, while pos- 
sibly adding somewhat to the growth-producing qualities of the med- 
ium, served in these experiments as an indicator for vegetative growth 
because of the ability of Bacillus larvae to produce nitrite in the carrot- 
extract medium without the addition of potassium nitrate {18). 

Preparation op Dilutions op Spores 

The stock suspensions of spores of Bacillus larvae were made up as 
described earlier in this paper. A series of primary dilutions, each 
one-tenth of the preceding dilution, was then made up in sterile 125 
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c c flasks by adding 4 c c of a dilution to 36 c c of sterile water. The 
series of dilutions containing gradually decreasing numbers of spores 
per cubic centimeter to be used in inoculating the culture medium 
were then prepared as indicated in Table 4. Sterile burettes were 
used in adding the proper proportions of spore suspension or spore- 
suspension dilutions to the proper quantities of sterile water in sterile 
test tubes, in order to make up the desired scries of dilutions contain- 
ing approximately known numbers of spores. 

Inoculation of Culture Medium 

Swann has observed that in old cultures of anthrax a considerable 
percentage of spores are dead and therefore never germinate. Be- 
cause of the possibility that some of the 
spores in the stock suspensions of BacMlm 
larvae might not be viable, an effort was made 
to determine the approximate proportions of 
viable and dead spores in the stock suspen- 
sions. Since the determination of viable 
spores of i?. larvae by means of plate cultures 
is difficult because of the opaqueness of the 
special culture medium that is required, an 
attempt was made to determine the percent- 
age of viable spores by the differential stain- 
ing method of Burke W) as modified by Koser 
and Mills (f5). The procedure is as follows: 

A small quantity of the spore suspension is 
spread in a thin film on a slide and allowed 
to dry without heating. The slide, after 
immersion in a solution of carbol fuchsin at 
room temperature for two minutes, is washed 
in water and decolorized with absolute ace- 
tone for a few seconds, washed again, and 
immersed in Loeffler's alkaline methylene 
blue for two minutes, washed, dried, and 
examined. Very few solid-stainin" forms 
were observed in any of the suspensions ex- 
amined, possibly one or two spores m several 

fields. It was therefore assumed that the number of nonviable spores 
could be considered as negligible and probably within the limits of 
the precision of the measurements as indicated by this procedure. 

One cubic centimeter of each dilution was added to duplicate tubes 
of the slanted solid medium by means of sterile 1 c c pipettes, each 
cubic centimeter of inoculum containing an approximately known 
number of spores of Bacillus larvae. After inoculation the cultures 
were incubated at 37° C. In order to prevent the liquid in the tubes 
from drying out on long incubation, from tirne to time, as the water 
of condensation evaporated, 2 or 3 c c of sterile broth similar in com- 
position to that of the base medium, without the egg, was added to 
each tube by means of the apparatus shown in Figure 1 . A total of 
556 cultures was made during this series of experiments. 
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Method of Making Observations 

The culture tubes were incubated for 30 days at 37° C. Each tube 
was examined usually every 24 hours during this period. The pres- 
ence or absence of vegetative growth was noted at each observation, 
and in cases of slight or doubtful growth the vegetative growth was 
checked both by microscopic examination of a stained smear and by 
testing for nitrite production in the culture medium by the sulphanilic 
acid and alpha-naphthylamine acetate test. After a large number of 
such observations had been made, it was found that vegetative ger- 
mination of spores of Bacillus larvae ^ almost too slight to be seen, 
would give a definite pink color on the addition of the reagents. 

Lochhead {17, p. 14) states: 

It was found, however, that ordinary nitrate-reducing species, such as B, 
cereus or Es. coli, wliich are able to form nitrites readily in nitrate media, were 
unable to produce nitrites in recognizable amount in the peptone-carrot media, 
though capable of doing so upon the addition of nitrates, aacillus larvx under 
the same condition readily forms nitrites without the addition of nitrate to the 
medium. 

Despite this statement, a series of miscellaneous orgam'sms was 
tested in standard nitrate broth, in carrot-extract broth, and on 
carrot-extract agar. Several organisms that commonly reduce 
nitrates and a few that do not were used. (Table 3.) Observations 
were made at short intervals during the first 24 hours. Most of 
these organisms gave positive nitrite teats within a few hours after 
inoculation in all the media used, but in the carrot-extract medium 
the nitrate had apparently disappeared in most cases after 24 hours’ 
incubation, and in all cases after 48 hours. The same organisms 
on standard nitrate medium still gave positive tests after 48 hours’ 
incubation. A positive nitrite test was obtained in cultures of 
Bacillus larvae that were incubated for 5 days and in one culture 
that was incubated for 4 days and then allowed to stand at room 
temperature for 16 days more before testing. Therefore, it appears 
probable — at least the results in Table 3 indicate — that in the case 
of many contaminating organisms having the power to reduce nitrite 
that might get into the culture tubes inoculated with spores of B. 
larvae the nitrite, if produced by the contaminating organism, would 
have disappeared after 48 hours’ incubation, leaving contamination 
to be determined by gross appearence of the culture and microscopic 
examination. Nevertheless, m order to be sure that contaminating 
growth of any kind was not giving erroneous results with the nitrite 
test when this was used alone, any suspicious-looking growth in the 
culture tubes was examined under the microscope before it was tested 
with the reagents for nitrite production. Even though a positive 
nitrite test might be observed in some cases, the contaminations were 
recorded only as such. 

OBSERVATIONS AND RESULTS 

In no instance was positive growth obtained in cultures inoculated 
with less than 50,000 spores, even after 30 days’ incubation, and 

S owth \^ith 50,000 spores was obtained from only two of the eight 
ts of spores used, namely. Nos. 19 and 23. (Table 4.) In the 
other six strains the minimum number of spores that produced positive 
gi^wth ranged from 5,000,000 to 70,000. 



Table 3. — Nitraie reditcHon by various miscellaneous organisms in standard nitrate broth and carrot-extract media during different 'periods 

of time'* 
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The length of the incubation period in relation to the decreasing 
number of spores used varied OTeatly with the different lots of spores, 
even with tne duplicate inocmations of each lot. Table 5 gives the 
results of positive cultures obtained in relation to the period of incu- 
bation and the dilution of the spores. The coefficient of correlation 
V* positive cultures only, in relation to length of 

incubation and dilution of spores, was found to be 0.3558 ±0.0440. 
While this does not show a strong correlation, it indicates that with 
the smaller numbers of spores there is a tendency for growth to take 
place with longer periods of incubation. However, when the cases 
of positive growth were correlated with the dilution and incubation 
time on the basis of the percentage of positive cultures to negative 
cultures for each observation period of incubation time, an insi^ifi- 
cant negative correlation was obtained. Appai*ently there is a 
variable uncontrollable factor present, more obvious when spores are 
used from different lots of the organism, which makes it impossible 
to correlate the other factors closely. However, the data summarized 
in Table 6 indicate that, of the 120 cultures made with seedings of 
between 5,000,000,000 and 9,000,000 spores per seeding, 98.33 per 
cent showed growth at the end of 10 days* incubation, while 100 
per cent (120 cultures) showed growth after 30 days* incubation. 
This is 56.87 per cent of the 211 total cultures showing growth 
after 30 days. 
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Table 5. — Summary of the positive vegetative cultures of Bacillus larvae in relation to length of incubation period and with varying dilutions 

of the stock suspension 
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Final observations after 30 days’ incubation 
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Of the 171 cultures made with seedings between 8,000,000 and 
500,000 spores per seeding, 48, or 28.07 per cent, showed growth at 
the end of 10 clan's’ incubation, while 79, or 46.20 per cent, showed 
growth after 30 days^ incubation. The latter number is 37.44 per 
cent of the 211 total cultures showing growth after 30 days^ incubation. 

Of the 142 cultures made with seedings between 400,000 and 50,000 
spores per seeding, only 4, or 2.82 per cent, showed growth at the end 
of 10 days' incubation, while 12, or 8.45 per cent, showed growth 
after 30 days' incubation. The latter figure is 5.69 per cent of the 
211 cultures showing growth after 30 days' incubation. 

Of the 123 cultures made with seedings of 40,000 or fewer spores 
per seeding, no growth was obtained after 30 days' incubation. 

Of the 556 cultures made with all seedings, 30.58 per cent showed 
growth at the end of 10 days' incubation and 69.42 per cent showed 
no growth. The 170 positive cultures after 10 days' incubation is 
80.57 per cent (not shown in Table 6) of the 211 total positive 
cultures obtained. In the interval between the 10 and 30 day incuba- 
tion periods, 19.43 per cent (not shown in Table 6) of the 211 total 
positive cultures, or another 7.37 per cent of all cultures made, showed 
growth, making a total of only 37.95 per cent of all cultures which 
showed growth at the end of 30 days' incubation, with 62.05 per cent 
still showing no growth. 

The initial growth phases as described by Buchanan {3; 13^ Ch: V) 
are clearly more marked with spores than with simple vegetative 
organisms, since there is a varying length of time necessary for spores 
to germinate and start growing after implantation in a suitable 
medium. In the light of observations on other spore-forming 
organisms, it is probable that this factor, which seems to cause varia- 
tions in the germination time of Bacillus larvae even within a lot 
from a single source, is what has been termed ‘‘dormancy." Burke 
(5, p. 283) , working with Clostridium hotulinum, found : 

The individual (unheated) spores in a given culture of Cl. botvlinum vary greatly 
in the time required for germination under optimum growth conditions. The 
majority germinate relatively quickly, but a few lie dormant for a longer time. 
One hundred and forty-four days is the maximum period of dormancy recorded 
here ♦ ★ 

Burke states: 

The primary factors which cause the spore to lie dormant for long periods of 
time under optimum growth conditions are believed to be inherent in the spore 
itself. It is thought that relative permeability of the spore wall is one of the 
factors. Environmental conditions may secondarily modify the period of 
dormancy. 

Burke, Sprague, and Barnes (6, p. 560) observed the same phe- 
nomenon with such non spore-bearing bacteria as Bacillus coli 
{ — Escherichia coli). They found that spores of B, subtUis remained 
dormant 39 days and those of B, megatherium 90 days, although a 
large majority developed in 4 or 5 days. They believe: 

Dormancy must be considered a factor in infection. It reduces the chances of 
infection by reducing the number of organisms that would otherwise start to 
grow at one time. Snee the cells begin to multiply at different times, the body 
has an opportunity to initiate defensive reactions before all the colls develop. 
If dormant for a sufficient period, the organisms will be excluded from the body 
before development takes place. 
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Swann {MS) has observed that there is a variation in the germination 
time of anthrax spores, depending on the age and condition of the 
spores. 

Morrison and Rettger {24^ p. S39) recently stated — 

Because of the marked variability of germination, depending upon the stimuli 
supplied in the environment, the deduction is made that bacterial spores in the 
process of germination are vitally active bodies having requirements for meta* 
bolic function which are the same as or more exacting and specific than those of 
the vegetative cells. 

Experimental evidence is presented to show that the dormancy of aerobic 
bacterial spores is largely, if not entirely, determined by conditions in the environ- 
ment of the spores, and that these factors must be taken into consideration, 
perhaps specifically for each species, before so-called “ inherent ” or “ normal ” dor- 
mancy of bacterial spores can be established. 

This phase of the work with Bacillus larvae is being repeated with 
the organism obtained from a single source in an effort to determine 
the importance of this variable factor of dormancy. 

SPORES OF BACILLUS LARVAE IN COMMERCIAL HONEY 

A few instances have been reported in the bee journals, such as that 
by Merrill (22)^ in which American foulbrood has developed as a 
result of bees having access to cans of infected honey that have been 
carelessly thrown out. Without doubt in some cases honey has been 
allowed to get on the market from infected colonies through negligence 
of the beekeepers and without being diluted by mixing or Wending 
with honey from disease-free apiaiies. On the other hfmd, Fracker 
(f 0, p. 379-380) has shown, by a study of disease-inspection statistics 
for Wisconsin: 

1. In Wisconsin the introduction of this disease into the State and into many 
individual localities is definitely known to have been in specific importations of 
bees and equipment. 

2. Cases of infection in which the source appears to be infected honey in the 
channels of trade are comparatively rare. 

3. Even near such a large center as Milwaukee the infection percentage is 
greatest in localities of active movement, such as greenhouse areas, and is relatively 
low within the city itself. 

4. Towns and cities of from 3,000 to 40,000 which have been natural markets 
for infected honey from near-by counties, have remained for years free from 
disease either until the present or until infected bees and equipment were 
introduced. 

5. No new centers of infection are known to have been started since the policy 
of limiting movement of bees and equipment was begun in 1919. 

6. These observations appear to be confirmed by conditions in the South, in 
spite of the fact that the period of active flight of the bee tends to continue 
through the peak of honey distribution. 

Furthermore, F. L. Thomas, State entomologist of Texas, in an 
unpublished manuscript states : 

The largest of the estimates with reference to the quantity of honey that is 
brought into Texas in a year is 19 carloads. Most of this honey is produced in 
California, Colorado, New Mexico, Utah, and Wyoming. ♦ * ♦ 

If 19 carloads of foulbrood-infected honey are distributed annually in this 
State, it seems reasonable to suppose that our inspectors would have a hard 
time to keep this disease within bounds. In fact, I would expect to find that the 
inspectors would be gradually losing ground in their attempts to eradicate this 
menace. A large share of the honey which is imported is sold in west and north- 
west Texas where practically no bees are kept. The amount which is distributed 
in the beekeeping territory of the State is evidently less dangerous than is com- 
monly supposed. The following facts, I think, will prove this statement. 

During the period September 1, 1920, to August 31, 1926, the inspection work 
has been caitned into 100 counties. Fifty-six counties were found to be free 
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from contagious or infectious diseases of bees, but in the other 44 counties Ameri- 
can foulbrood has been present. 

An average of 668 beekeepers have been visited each year and 38,661 colonies 
examined with the result that an average of 430 colonies, or 1.11 per cent, have 
been found to be diseased. 

American foulbrood is found now in only 23 counties, 21 of the 44 counties 
having been cleaned up. In 12 of the counties where disease occurs, only 30 
colonies were found to be infected out of 7,642 examined — less than 0.4 of 1 per 
cent. Six counties had one diseased colony each. 

About 40 per cent of the beekeepers and 60 per cent of the colonies are rein- 
spected from year to year; the remainder, being free of disease and considered 
out of danger, are dropped and “new territory “ is taken over and examined for 
presence of foulbrood. By “new territory'* is meant beekeepers and their 
colonies visited and inspected for the first time. An average of 228 diseased 
colonies are discovered each year in “new territory.” This is 1.6 per cent of the 
total number of colonies examined in this territory. 

The reinspection which has been made in the counties where disease has been 
present shows that there have been both gains and losses. But a net gain has 
resulted which has averaged 21 beekeepers and 368 colonies freed from American 
foulbrood and quarantine annually. 

From these facts it is easily seen that definite and really rapid progress in 
eradicating the disease is being made. Rarely do our inspectors find new out- 
breaks of disease that can not be traced to careless beekeeping methods, bees 
robbing infected and weakened colonies, or to the use of old and infected equip- 
ment. 

It is not my intention to imply that honey is not a carrier of American foul- 
brood. The above evidence simply indicates that the honey which has been 
imported into Texas has not been as dangerous a source of disease to bees as is 
sometimes thought. 

Practically no work has been reported on the microbiology of 
honey other than that in connection with the spoilage of honey 
through fermentation by yeasts {19, 21), and no work appears to 
have been done on the Bacillus larme spore content of commercial 
honey. In 1925 the writer undertook to devise a method for demon- 
strating, at least qualitatively, the presence or absence of spores of 
B. larvae in honey and their significance in relation to the results of 
the spore-feeding experiments. Difficulties were encountered in 
obtaining cultures of B. larvae from honey.’ It was impossible to 
obtain vegetative gi-owth of this organism, even when a considerable 
number of spores had previously been added to honey, because of the 
difficulty of eliminating contaminating organisms that developed 
rapidly in the honey, completely overgrowing any possible vegetative 
growth of B. larvae before it could get well started. Therefore, 
methods of concentrating the spores from the honey and of identifying 
them by means of microscopic examination were attempted. Because 
spores of B, larvae have a characteristic appearan(*.e in stained smears 
{20, was assumed that this method might give at least tentative 

evidence. 

METHODS OF PROCEDURE 

The first method attempted was the filtration of honey diluted 
with water through a membrane of ether-alcohol collodion or through 
filter paper impregnated with an acetic acid solution of collodion 
{9), Apparatus was devised in which both suction and pressure 
were tried in this filtering process. Stained smears were made of the 
sediment retained on the surface of the filter. In several cases 
spores of Bacillus larme were observed in stained smears of the sedi- 
ment filtered out of honey known to have a large spore content. 
However, with honey containing fewer spores it was found impossible 
to concentrate them on a small enough area of filter in sufficient 
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numbers to recover and identify them under the microscope. Even 
with a com^paratively large filtering surface, the process was so slow 
that the diluted honey would frequently start to ferment before it 
had all passed through the filter. A filter of smaller area would 
become clogged, preventing the passage of a sufficient quantity of 
honey. 

Several unsuccessful attempts were made to recover spores of BaciU 
lu8 larvae from honey by centrifuging samples diluted with an equal 
quantity of water. After considerate experimentation with honey 
of known spore content, it was found that it was necessary to dilute 
the honey to a much greater extent — 1 part to at least 9 of wator — in 
order to throw the spores down with the sediment. Apparently the 
specific gravity of tnese spores is so low that on centrifuging they 
remain in suspension in only slightly diluted honey. 

The procedure finally used for demonstrating the presence of spores 
of Bacillus larvae in honey is as follows: Five c c of warmed honey 
is thoroughly mixed with 45 c c of distilled water in a 50 c c cone- 
shaped centrifuge tube made of heat-resistant glass. Duplicate 
qiiantities of each sample of honey are made up for examination. 
The diluted honey is then centrifuged at 2,000 revolutions per minute 
for one-half hour. Because of the difficulty of obtaining a satisfac- 
tory stained smear from the sediment thrown down in the presence 
of the sugars of the honey solution, all but 2 c c of the solution in each 
centrifuge tube is drawn off by means of a 50 c c pipette. Another 
45 c c of distilled water is added, the sediment is thoroughly shaken 
up in the water, and the tubes are centrifuged again for 20 minutes. 
After all but 2 c c or less of the wash water has been removed, 
0.01 c c of the sediment is removed by means of a capillary pipette 
and smeared on a cover glass over a surface of 1 cm^, a small loopful 
of carbol fuchsin being mixed with the material before it is allowed 
to dry. After drying by gentle heat, the cover glass is mounted 
on a slide by means of a drop of distilled water and the smear is 
pamined with an oil-immersion objective. Spores of B. larvae are 
identified by their size and shape in conjunction with their distinctive 
habit of breaking loose from the stained mass of the smear and of 
showing a delicate Brownian movement in the thin film of water 
between the two pieces of glass. In a few samples only one or two 
spores were seen in numerous fields examined or the spores did not 
have the typical appearance of spores of i?. larvae. In such cases 
another test, in which twice as much honey was used, was made 
from the sample, 

OBSERVATIONS 

One hundred and ninety-one samples of honey were exammed by 
this method. (Table 7.) Of these, 187 were regular commercial 
samples purchased in the open market and 2 were from the experi- 
mental apiary at Laramie. The other two were miscellaneous 
samples, one of which was obtained from a brood comb from a dis- 
eased colony and the other from a cappings melter which had been 
used with combs from an infected apiary. 
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Table 7. — Results of the examination of samples of honey for the presence of spores 

of Bacillus larvae 


Source 

Samples 

tested 

Samples 
showing 
positive 
presence 
of spores 
resem- 
bling 
Baeillut 
larvae 

Samples 

showing 

no 

evidence 

of 

spores * 

Commercial samples from 30 States 

187 

If) 

172 

Exiierimental - 

2 

2 

Misoellatieous - 

2 

2 





Total - 

191 

17 

174 



0 29 of these samples were doubtful on the first examination, but repeated examinations gave negative 
results in each case. 


Of the 1 87 samples of commercial honey obtained from 30 different 
States or Territories, 15, or 8 per cent, showed the presence of a suf- 
ficient number of spores resembling spores of Bacillus larvae to be 
designated as positive. In 29 of the commercial samples, or 15.5 per 
cent, one or tw^o doubtful spores were seen in each case, but on 
repeated examinations none of these samples could be considered 
positive. Two of the four miscellaneous samples from infected 
sources were also found to contain spores of B. larvae. 

Five of the samples showing the presence of spores of Bacillus 
larvae were fed to healthy 5-frame colonies during the summer of 1930. 
These samples consisted of from a pint to a quart of hon^. No evi- 
dence of American foulbrood appeared in any of the five colonies 
during the entire brood-rearing season. 

In order to determine the approximate number of spores in the 
samples of honey in which the presence of Bacillus larvae was demon- 
strated, a series of dilutions of spores was prepared as described for 
the work with cultures. A stained smear was made of 0.01 c c of 
each dilution spread over a 1-cm* surface of cover glass mounted with 
water and examined with the oil-immersion objective. By this 
means a definitely recognizable number of spores could be found 
down to the dilution of 2,000,000 spores per cubic centimeter, with a 
few single spores seen in occasional fields down to the dilution of 
500,000 spores per cubic centimeter. (Table 8.) Then 1 c c of each 
dilution was added to 5 c c of distilled water in 15 c c centrifuge tubes 
and centrifuged at 2,000 revolutions per mmute for 20 minutes. A 
stained smear made from 0.01 c c of each sediment showed a definitely 
recognizable number of spores down to the 5,000-spore dilution, with 
one or two doubtful spores in several fields from the 500-spore dilu- 
tion. The sample containing the 50,000-spore dilution, which would 
be comparable to the sugar sirup containii^ the minimum number of 
spores per cubic centimeter fed to colonies in the spore-feeding experi- 
ments that produced infection, showed a great many more spores in 
each field examined by this method than did the sample of commer- 
cial honey that showed the greatest nuinber of spores. Therefore, 
until a better quantitative method is devised, it seems reasonable to 
believe, from the indications of the preliminary work on this problem, 
that, even though the presence of a few spores of B. larvae may be 
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demonstrated in 5 c c quantities from a comparatively small per- 
centage of samples of commercial honey, the numbers are far bdow 
the minimum necessary to produce infection when such honey is 
used in healthy colonies of bees. Before definite conclusions can 
be drawn, it will be desirable to examine many more samples of com- 
mercial honey and to feed to healthy colonies samples of honey in 
which the presence of spores has been demonstrated. 


Tabl£ 8 . — Microscopic examinalion of dilutions for spores of Bacillus larvae ® 


Number of 
s(>ores per 
cubic centi- 
meter in each 
dilution 

Direct 
exami- 
nation 
of 0.01 
cubic 
centi- 
meter 

Exami- 
nation 
of sedi- 
ment 
after 
centri- 
fuging 

1 cubic 
centi- 
meter 

Number of 
spores per 
cubic centi- 
meter in each 
dilution 

Direct 
exami- 
nation 
of 0.01 
cubic 
centi- 
meter 

Exami- 
nation 
of sedi- 
ment 
after 
centri- 
fuging 

1 cubic 
centi- 
meter 

Number of 
spores per 
cubic centi- 
meter in each 
dilution 

Direct 
exami- 
nation 
of 0.01 
cubic 
centi- 
meter 

Exami- 
nation 
of sedi- 
ment 
after 
centri- 
fuging 

1 cubic 
centi- 
meter 

5 , 000, 000, 000 

+ 

+ 

10, 000, 000 

4- 

4- 

100,000 


4* 

4, 000, 000, 000 

+ 

+ 

9,000,000 

4- 

4- 

90,000 


4- 

3. 000, 000, 000 

+ 

4- 

8,000,000 

+ 

4- 

80,000 


4 

2.000,000,000 

+ 

+ 

7, 000, 000 

4- 1 

4- 

70,000 


4- 

1,000,000,000 

•f 

4- 
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4- 

4- 

60,000 


+ 
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+ 

4* 

6, 000, 000 

+ 

4- 
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— 
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400, 000, 000 

+ 

4* 
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4- ! 
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40,000 


4- 
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» 4- Indicates that spores were found; — indicates that siwres were not found, by microscopic examina- 
tion; ± indicates that the result was doubtful; ±? indicates that the positive was more doubtful than 
the negative; — ? indicates that the absence of spores was not definite. 


SUMMARY AND CONCLUSIONS 

As a result of five years^ study it has been found that, in order to 
produce American foulbrood infection in a healthy colony of bees, 
the sugar sirup used for inoculation must contain a certain initial 
number of spores of Bacillus larvae. Seventy-three colonies were 
inoculated during this time with numbers of spores ranging from 
approximately 5,000,000,000 to 100,000 per colony; 30 of these 
colonies receiving 50,000,000 spores or less. Of these 30 colonies, 2 
out of 11 receiving 50,000,000 spores showed infection, but no colony 
receiving less than that number of spores developed disease. There- 
fore, the minimum infectious dose of B. larvae for a colony of bees 
seems to be approximately 50,000,000 spores in 1 liter of sugar sirup. 

Preliminary experiments in which individual bee larvae were given 
known numbers of spores of Bacillus larvae in 0.01 c c quantities of 
sugar sirup show that infection can be produced by this method, 
but with considerable difficulty. From 50 to 100 larvae were 
inoculated with each dilution of spores, ranging in number from 
wproximately 50,000,000 spores to, theoretically, 1 spore per larva. 
The minimum infectious dose was lound to be 10,000,000 spores per 
larva fed in 0.01 c c of sugar sirup. These results indicate that the 
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minimum dose of spores of B, larvae that will produce American foul- 
brood infection must be large. 

The germination of spores of Bacillus larvae and vegetative growth 
on a suitable artificial culture medium resulting from the inoculation 
of 556 culture tubes with seedings varying from approximately 
50,000,000,000 to 500 spores per culture also shows that a certain 
minimum initial number of spores in the inoculum is necicssary in 
order to produce growth. This minimum number of spores produc- 
ing vegetative growth on a medium consisting of yeast-carrot extract, 
egg-yolk suspension, and agar was found to be approximately 50,000 
in 1 c c of suspension inoculated. 

The production of nitrite in this medium by the vegetative growth 
of Bacillus larvae serves as a fairly delicate and reliable indicator of 
such growth. 

There was a tendenc'y for the seedings containing the smaller num- 
bers of spores of Bacillus larvae to require a longer period of incubation 
than the larger seedings in order to produce vegetative growth. 
However, there was a considerable variation in the germination time 
of many of the seedings of spores, in one case a seeding of 9,000,000 
spores requiring 27 days^ incubation to produce growth and another 
of 70,000 spores requiring only 6 days. This variation, thought to 
be due to the variable character known as dormancy in bacterial 
spores, prevented more than a slight correlation. 

In the group of cultures comprising seedings between 5,000,000,000 
and 9,000,000 spores, only 1.67 per cent required more than 10 days' 
incubation to produce vegetative growth, 100 per cent having shown 

K owth after 30 days. In the group of cultures comprising seedings 
itween 8,000,000 and 500,000 spores, 71.93 per cent required more 
than 10 days' incubation, while 53.81 per cent showed no grow^th at 
the end of 30 days' incubation. In the group of cultures comprising 
seedings between 400,000 and 50,000 spores, 97.18 per cent required 
more than 10 days' incubation, wliile 91.55 per cent of the group 
showed no growth at the end of 30 days. Below 50,000 spores no 
gi'owth was obtained. In other words, below a seeding of 9,000,000 
spores an increasing number of the smaller spore seedings required a 
longer period of incubation. About 80 per cent of all the positive 
cultures were obtained during the first 10 days of incubation, although 
this was approximately only 30 per cent of all the cultures made; at 
the end of 30 days' incubation only about 38 per cent of all the cul- 
tures had shown any growth. 

It was found possible to demonstrate the presence of spores of 
Bacillus hrvae in 15 out of 187, or in 8 per cent, of the samples of 
commercial honey examined by means of the centrifuge and the 
microscope. The preliminary results indicate that, even though 
spores of B. larvae may be demonstrated in a certain percentage of 
samples of commercial honey, in most instances they are probably 
present in such small numbers as to be less than the minimum 
number, 50,000,000 per liter, found to be capable of producing dis- 
ease, and therefore are ineffective in the spread of American foul- 
brood. 



284 


Journal of Agricultural liesearch 


V<»l. 46, No. 6 


LITERATURE CITED 

(1) Ahrens, H. G, a n t 

1930. NEW FACTS ABOUT FORMALIN TREATMENT. Amer. Bee JOUF. 70: 

61-62. 

(2) Breed, R. S., and Brew, J. D. 

1916. COUNTING BACTERIA BY MEANS OF THE MICROSCOPE. N. 1 . State 

Agr. Expt. Sta. Tech. Bui. 49, 31 p., illus. 

(3) Buchanan, R. E. t t r . -n- 

1918. LIFE PHASES IN A BACTERIAL CULTURE. JouF. Iiifect. Diseases 
23:109-126, illus. 

(4) Burke, G. S. 

1923. STUDIES ON THE THERMAL DEATH TIME OP SPORES OF CLOSTRIDIUM 
BOTULINUM. 2. THE DIFFERENTIAL STAINING OP LIVING AND 
DEAD SPORES. JouF. Iiifcct. Diseases 32 : [433]-438, illus. 

(5) 

1923. STUDIES ON THE THERMAL DEATH TIME OF SPORES OP CLOSTRIDIUM 
BOTULINUM. 3. DORMANCY OR SLOW GERMINATION OP SPORES 
UNDER OPTIMUM GROWTH CONDITIONS. JoUF. Illfect. DiseaSCS 
33: [274]- 284. 

(6) Burke, V., Sprague, A., and Barnes, La V. 

1926. DORMANCY IN BACTERIA. JouF. Iiifect. Discases 36 : [665]-660. 

(7) Burnside, C. E. 

1931. DISINFECTION OF AMERICAN FOULBROOD COMBS BY FUMIGATION BY 

FORMALDEHYDE. Bee World 12:3-7, 16-19. 

(8) Gorkins, C. L. 

1928. QUARTERLY REPORT. Wyo. Beeline 6:25-26. 

(9) Elford, W. J. 

1928. ULTRAFILTHATION. (an historical survey, WITH SOME REMARKS 
ON MEMBRANE PREPARATION TECHNIQUE). JoUF. Roy. MiCFOS. 

Soc. (3) 48:36-45, illus. 

(10) Fracker, S. B. 

1925. are commercial honey shipments largely RESPONSIBLE FOR THE 
dissemination of AMERICAN FOULBROOD? JoUF. Econ. Ellt. 
18:372-380. 


(11) Gates, F. L. 

1920. A method of standardizing bacterial suspensions. Jour. 
Expt. Med. 31:105- 114, illus. 

(12) Henrici, a. T. 

1928. MORPHOLOGIC VARIATION AND THE RATE OF GROWTH OF BACTERIA. 

194 p., illus., » Springfield, 111., and Baltimore, Md. (Mono- 
graphs on Agricultural and Industrial Microbiology, v. 1.) 

(13) Jordan, E. 0., and Falk, I. S., editors. 

1928. THE newer knowledge of bacteriology and IMMUNOLOGY. 
1196 p., illus. Chicago. 

(14) Kelley, T. L. 

1923. STATISTICAL METHOD. 390 p., illus. Ncw York. 

(15) Koser, S. a., and Mills, J. H. 

1926. differential staining of living and dead BACTERIAL spores. 
Jour. Bact. 10:25-36. 

(16) Lineburg, B. 

1925. STRAIN of immune bees. Gleanings Bee Cult. 53:709-710. 

(17) Lochhead, a. G. 

[1927.] further studies of bacillus LAIlViB, the cause op AMERICAN 
FOULBROOD OP BEES. Canada Expt. Farms, Div. Bact. Rpt. 
1926:13-16. 

(18) 

1928. CULTURAL STUDIES OP BACILLUS LARVAC (WHITE), Sci, AgF. 9: 

80-89, illus. 

(19) and Heron, D. A. 

1929. MICROBIOLOGICAL STUDIES OF HONEY. I. HONEY FERMENTATION 


AND ITS CAUSE. II. INFECTION OF HONEY BY SUGAR-TOLER- 
ANT YEASTS. Canada Dept. Agr. Bui. (n. s.) 116, 47 p., illus. 
(20) McCray, A. H., and White, G. F. 

1918. THE DIAGNOSIS OF BEE DISEASES BY LABORATORY METHODS. U. 8. 
Dept. Agr. Bui. 671, 16 p., illus. 



Sept. 1, 1932 Commercial Honey and Spread oj Amerimn Fovlhrood 285 


(21) Marvin, G, E. 

1928. THE OCCURENCE AND CHARACTERISTICS OP CERTAIN YEASTS POUND 
IN PERMENTED HONEY. Jour. Econ. Ent. 21:363-370, illus. 

(22) Merrill, J. H. 

1927. AN INITIAL outbreak OF POULBROOD. Amcr. Bee Jour. 67:414- 

415. 

(23) Millen, F. E. 

1928. SPREADING POULBROOD. Beekeeper 36 : 134. 

(24) Morrison, E. W., and Rettoer, L. F. 

1930. BACTERIAL SPORES. II. A STUDY OF BACTERIAL SPORE GERMINATION 
IN RELATION TO ENVIRONMENT. Joiir. Bact. 20:313-342. 

(25) Robertson, T. B. 

1923. THE CHEMICAL BASIS OP GROWTH AND SENESCENCE. 389 p., illUS. 

Philadelphia and London. [Original not seen.] 

(26) Stuhtevant, A. P. 

1924. THE DEVELOPMENT OF AMERICAN POULBROOD IN RELATION TO THE 

METABOLISM OF ITS CAUSATIVE ORGANISM. Jour. Agr. Research 
28:129-168, illus. 

(27) 

1930. PRELIMINARY REPORT CONCERNING FACTORS RELATED TO CERTAIN 
OF THE GROWTH PHASES OF BACILLUS LARVAE. Jour. Econ. Ent. 

23:453-459. 

(28) Swann, M. B. R. 

1924. ON THE GERMINATION PERIOD AND MORTALITY OF THE SPORES OP 
BACILLUS ANTHRACis. Joup. Path, and Bact. 27:130-134. 

(29) Toumanoff, K. 

1929. NOTE SUR L^INFECTION DES LARVE8 d’aBEILLES PAR BACILLUS 

LARV^. Bul. Acad. V6t. France 2:45-49. 

(30) White, G. F. 

1920. AMERICAN foulbrood. U. S. Dcpt. Agr. Bul. 809, 46 p., illus. 

(31) Zinsser, H. 

1927. A TEXTBOOK OP BACTERIOLOGY; A TREATISE ON THE APPLICATION 
OF BACTERIOLOGY AND IMMUNOLOGY TO THE ETIOLOGY, DIAG- 
NOSIS, SPECIAL THERAPY AND PREVENTION OF INPECTIOCS DIS- 
EASES, FOR STUDENTS AND PRACTITIONERS OF MEDICINE AND 

PUBLIC HEALTH . . . Rewritten, rev. and reset . . . Ed. 6, 1053 
p., illus. New York and London. 




HETEROTHALLISM AND HYBRIDIZATION IN SPHACE- 
LOTHECA SORGHI AND S. CRUENTA ^ 

By H. A. Rodenhiser * 

Pathologist^ Division of Cereal Crops and Diseases^ Bureau of Plant Industry^ 
United Slates Department of Agriculture 

INTRODUCTION 

It has been shown by a number of investigators that certain of the 
smut fungi are heterothallic. This means that in such fungi the 
fusion of two hyphal or monosporidial lines of opposite sex is necessary 
before normal infection and the subsequent production of chlamydo- 
spores can take place. Kniep (14Y in 1919, working with Ustilago 
tiolaceae (Pers.) Fckl., was the first to show that fusion takes place 
only between certain sporidia. Evidence of heterothallism in other 
smut fungi was later reported by Bauch (f ), Stakman and Christensen 
{16)f Dickinson (5), Hanna and Popp (l2)y and Flor (9). Fusion 
between monosporidial lines of opposite sex of different species of 
smut fungi has been observed. Kniep (/.{?), working with several 
species of Ustilago, observed fusion between monosporidial lines of 
different species. Dickinson (6) was unable to obtain infection of 
oat seedlings with monosporidial lines of U. levis (Kell, and Sw.) Magn. 
and U. hordei (Pers.) Kell, and Sw'., but when sporidia of one sex of LL 
hordei were combined with those of opposite sex of V. levis ^ infection 
resulted. Apparently his study was not carried far enough to deter- 
mine whether hybrid chlamydospores could be produced as a result 
of the cross. Hanna and Popp {12) and Holton {IS) obtained hybrid 
chlamydospores as a result of interspecific crosses made between U, 
levis and V. avenae. The hybrid chlamydospores were found to 
be echinulate, while chlamydospores from inbred lines of each species 
had markings characteristic of the respective species. Plor (P) re- 
cently found Tilletia levis Kiihn and T. tritici (Bjerk.) Wint. to be 
heterothallic. Hybrid chlamydospores were obtained as a result of 
crosses between physiologic forms of a single species and of crosses 
between the two species. The chlamydospores produced by the 
species cross were identical in appearance with those of T. levis. 

The fact that certain of the smut fungi have been found to be heter- 
othallic and that hybrid chlamydospores may be produced as a result 
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of intraspecific and interspecific crosses sugpsts strongly that new 
physiologic forms may arise as a result of hybridization. In a study 
of the origin of pathogenically different strains of Sphacelotheca 
sorghi (Lk.) Clint., the present investigations were made to determine 
whether S. sorghi and o. cruenta (Kilhn) Potter are heterothallic and 
to what extent hybridization may take place between physiologic 
forms and between the two species. 

MATERIALS AND METHODS 

Single sporidial lines used in these tests were isolated from chlamy- 
dospores of three pathogenically distinct physiologic forms of Sphace- 
lotheca sorghi, namely, the common, milo, and feterita strains as 
identified by Tisdale, Melchers, and Clemmer (17), and from two 
collections of S. cruenta} The method used in isolating single sporidia 
was similar to that described by Dickinson (4) and Hanna [10), 
except that the isolating needle was attached to a Chambers micro- 
manipulator. Single chlamydospores taken from a single sorus were 
placed on hanging drops of 2 per cent potato-dextrose apr, and when 
they had germinated the sporidia were removed from the promycelia 
and propagated separately. Subcultures of these lines, to be used as 
inoculum, were prepared by growing each line separately in a 4 per 
cent carrot extract. The cultures were allowecl to develop three 
weeks before being used to inoculate sorghum plants. 

Reed kafir sorghum (C. I.® 628), which is susceptible to all known 
collections of both l^hacelotheca sorghi and S. cruenta, was used in all 
the experiments. '\^en the plants were 5 weeks old they were inocu- 
lated with the sporidial suspensions. By means of a hypodermic 
syringe the inoculum was injected into the plants as near the growing 
point as possible. When a combination of two monosporidial lines was 
used the two cultures were mixed just before the inoculation. Controls 
were inoculated in the same manner with sterile carrot extract. The 
plants were grown singly in pots in the greenhouse until six days 
after they were inoculated, and then transplanted to the field plots at 
the Arlington Experiment Farm, Rosslyn, Va. (near Washington, 
D. C.). Ten plants were used for each inoculation. In some of the 
tests, as indicated later, the plants were grown to maturity in the 
greenhouse. 

The common, milo, and feterita strains of Sphacelotheca sorghi are 
referred to in this paper as forms Si, S2, and S3, respectively, and 
collections of S, cruenta as Cl and C2. Where different chlamydo- 
spores of a particular form or collection were used they are distin- 
guished by a letter. In most cases a record was kept of the position 
on the promycelium occupied by each sporidium, and for convenience 
the sporidia are numbered 1, 2, 3, and 4, from the tip of the promyce- 
lium to the chlamydospore. Thus, SlB3 would refer to a sporidium 
isolated from the third segment of ttie promycelium from a particular 
chlamydospore B of form 1, S, sorghL 


* The collections of SphaceUxfheea cruenta referred to in tWs paper as Cl and C2 were received from Pro- 
fessor Melchers as Reed’s and Flcke’s collections, respectively. 

< C, I. denotes accession number of Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations. 
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HETEROTHALLISM 
SPHACELOTHECA SORGHI 

Each of the four first-formed sporidia from each of three chlamydo- 
spores of Sphacelotheca sorghij form 1, was isolated and cultured as 
previously described. Subcultures of these monosporidial lines, 
alone and in all possible paired combinations for each chlamydospore, 
were then used to inoculate sorghum plants. The results of these 
inoculations are presented in Figure 1 . The plus sign ( -f ) indicates 
that the inoculated plants developed smutty heads, and the minus 
sign (“ ) indicates that no smut developed. 

It is evident from the results obtained that Sphjicelotheca sorghi is 
heterothallic, since none of the 12 monosporidial lines when injected 
alone caused infection, whereas plants inoculated with certain paired 
combinations or sex groups developed smutty heads. Bauch ("J) 
found that Vstilago longisdma (Sow.) Tul. might have sporidia 
belonging to many sexual groups. Hanna (11) and Christensen (3) 
showed that at least four sexual groups might be present in sporidia 



S1A SIB SIC 


PiGi'RK l.-'-Uesults of inoculating sorglmm [ilants with monosporidial lines of Sphacelotheca .wrghi 
used singly and in pairs, from each of the chlamydospores SlA, SIB, and SIC 


of Ustilago zeae (Beckni.) Ung. In the present investigations with 
iS. Horghi, sporidia belonging to only two sexual groups have been iso- 
lated. However, with reference to sex the sporidia were arranged on 
the promycelium in three different positions. From chlamydospore 
SlA, sporidia 1 and 3 were of the opposite sex from that of sporidia 
2 and 4; while from chlamydospore SlC, sporidia 1 and 4 were of the 
opposite sex from that of sporidia 2 and 3. Two sexual groups were 
present in sporidia from chlamydospore SlB, but they were not in 
pairs, sporidium 1 being of the opposite sex from that of sporidia 2, 
3, and 4. 

Christensen (5), working with Ustilago zeacj found that when the 
monosporidial lines isolated froni a promycelium are paired in all possi- 
ble combinations they may fall into two sexual groups, but that when 
paired with sporidia from another promycelium they frequently 
belong to three or four distinct sexual groups. In the present in- 
vestigation all possible paired combinations were made between the 
four monosporidial lines from chlamydospores SlA and SlB. The 
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results of these matings (fig. 2) indicate that the sex groups reacted 
normally and that no evidence was obtained of complete inter- 
fertility or intersterility. In greenhouse experiments similar results 
were obtained from several matings between sporidia of known sex 
of physiologic forms Si, S2, and S3. 


SI A 


SIB 



Fiqurk 2.— Results of inoculating sorghum plants with four inono- 
sporidial lines of Sphactlotheca sorghi from chlamydospore 8l .\ 
paired with the four monosporidial lines from chlamydospore SIB 


SPHACEIX)THECA CRUENTA 

Each of the four first-formed sporidia from each of three chlarnydo- 
spores of collection Cl of Svh^Aotheca cruenta was isolated, cultured, 
and used in inoculations. The results of inoculating sorghum plants 
with these monosporidial lines alone and in paired combinations for 
each chlamydospore are recorded in Figure 3. 
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Figure S.—Hesults of inoculating sorghum plants with monosporidial lines of Sphaeetotheca cruenta 
used singly and in pairs, from each of the cblamydospores ClA, ClB, and ClC 


These data indicate that Sphacelotheca cruenta is heterothallic and 
that the sporidia from each promycelium belong to two sexual groups. 
The two groups from chlamydospore ClA were so arranged that 
^oridia 1 and 4 were of the opposite sex from that of sporidia 2 and 3. 
Chlamydospores ClB and ClC each produced three sporidia of one 
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sexual group and one of the opposite group. However, the arrange- 
ment differed in that the sporidia of ClB were grouped so that sporidia 
1, 2, and 3 were of the opposite sex from that of sporidium 4 and 
those of ClC so that sporidium 1 was of the opposite sex from that of 
sporidia 2, 3, and 4. 

A test was also made with Sphacelotheca cruenta to determine the 
sex relationship between sporidia of two different chlamydospores. 
The sporidia of chlamydospore Cl A were paired in all possible com- 
binations with those of chlamydospore ClB, and the results obtained 
are recorded in Figure 4. It is evident from these data that the sex 
groups reacted normally, as they did in the outbred lines of S. sorghi, 
and also that there is no indication of complete interfertility or inter- 
sterility. 

From the evidence just presented it appears that in both Sphace- 
lotheca sorghi and S. cruenta the factors determining sex may segre- 


CIA ClB 



Figure 4.™ Results of inoculating sorghum plants with four raono- 
sporidial lines of Sphacelotheca crventa from chlamydospore CIA 
paired with the four monosporidial lines from chlamydo.spore ClB 


gate on a 2:2 or 1 :3 basis. The sex factors of clilamydospores Si A, 
Sic, and Cl A all segregated on a 2:2 basis, and from the arrangement 
of the sex groups on the promycelium it is evident that reduction of 
factors for sex took place in the second division of the fusion nucleus. 
Factors determining sex in chlamydospores SlB, ClB, and ClC 
segregated on a 1:3 basis. Segregation in this ratio is more difficult 
to explain. It may have taken place as a result of segregation in the 
third division of the nucleus or of some abnormal type of segregation. 
Hanna (11) and Christensen (5), working with Ustilago zeae^ and 
Dickinson (7), working with U, levis, found similar segregation ratios 
for sex. These investigators found also that the segregation of sex 
factors may be independent of the segrregation of factors for cultural 
characteristics* In the present investigation cultural comparisons of 
the four monosporidial lines from each of the three chlamydospores of 
S. Borghi and of 8. cruenJta were made on 2.5 per cent potato-dextrose 
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agar. The striking differences in the cultural characteristics of mono- 
sporidial lines from chlam3rdospore8 SlB and SlC (S. sorghi) may be 
seen in Plate 1. Similar differences in lines from chlaniydospore ClC 
(S. cruenta) may be seen in Plate 2. It was evident from these tests that 
the factors determining sex in sporidia of both S. sorghi and S. cruenta 
segregated independently of those determining cultural characteristics. 
For example, the segregation ratio of factors for sex in chlamydospores 
SIA, SIB, and SlO of S. sorghi were 2:2, 1:3, and 2:2, respectively, 
while the factors determining color of the cultures of monosporidial 
lines from all these chlamydospores segregated on a 1 : 1 : 1 : 1 basis. 
In chlamydospores ClA, ClB, and ClC of S, cruenta the sex segrega- 
tion ratios were 2:2, 1 :3, and 1:3, respectively, as compared with the 
segregation ratios for color of colonies of 4:0 from chlamydospores 
ClA and 1:1:1:1 in lines from chlamydospores ClB and ClC. In 
these tests it was evident also that the factors determining other cul- 
tural characteristics such as topography, surface, consistency, rate of 
growth, and margin of colony segregated independently of those 
determining sex. 

The ability of paired lines to produce chlamydospores in the plant 
has been considered in this paper as the criterion of sex compatibility. 
If two lines did not produce chlamydospores they were considered to 
be of the same sex. Some evidence was obtained that sex compati- 
bility or incompatibility could be detected wdthin a few days after the 
plants had been inoculated with the paired lines. It was found that 
on the leaves of plants inoculated with certain paired monosporidial 
lines of Sphacelotheca sorghi or S. cruenta small but distinct cnlorotic 
areas developed in four to six days after inoculation, whereas the 
leaves of plants inoculated with certain other matings or with a 
monosporidial lino remained normal. (PI. 3.) 

Under the conditions of these experiments nearly all the chlorotic 
spots disappeared within a week or 10 days after they first developed. 
However, on a few leavps of plants that had been inoculated with 
paired lines of Sphacelotheca sorghi the spots did not disappear and galls 
about thesize of a beet seed developed, within which mature chlamydo- 
spores were formed. These chlamydospores were found to germinate 
normally. When all the plants bad matured it was found that smutty 
heads developed only on those plants on whose leaves chlorotic spots 
had previously formed. In only one case did a paired line that 
caused flecking of the leaves fail to produce smut in the head. From 
these data it appears that the formation of the chlorotic spots is an 
early indication of sex compatibility, the factor or factors for which 
are closely associated if not linked with those for pathogenicity. 

HYBRIDIZATION 

The four monosporidial lines isolated from chlamydospore SlA 
{Sphacelotheca sorghi) were paired in all possible combinations with 
those from chlamydospore ClA {S, cruenta). Reed kafir plants were 
inoculated with these combinations, and the results are recorded in 
Figure 5. It is clear from these data that S. sorghi and S. cruenta 
hybridize readily, as shown by the production of chlamydospores in 
the host. Furthermore, the sex groups as identified in the experiment 
on heterothallism reacted normally in the interspecific crosses. Sim- 
ilar results were obtained in greenhouse tests with a monosporidial 
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PLATE 1 



Cultures of monosporidial lines from two chlamydospores (SIB and Si C) of Sphacelotheca sorghl 
on potato-dextrose agar. The four cultures at Mt are from chlamydospore SIC; those at right 
are from chlamydospore 81 B. The cultures are numbered 1 , 2, 3, and 4, according to the position 
of the sporJdia, from the tip of the promycelium to the chlamydospore. The sex is indicated 
by a plus (-f) or minus <— ) sign, according to the jmiring reactions sliown in Figure 1 
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PLATE 3 



Sorghum leaves from plants inoculated with single or nionosiwridial i)aired lines of Sphacelotheca 
sorghi (A-C) and S. cruenta (D, E) as follows: A, Inoculated with monosporidial line SlAl (no 
mottling); B. inoculated with monospordial line S1A2 (no mottling); (.\ inoculated with sexually 
compatlble lines Si A 1 and SiA2 (note mottling); D, inoculated with sexually compatible lines 
ClAl and ClBl (note mottling); £, inoculate with sexually incompatible lines ClAl and 
C1B4 (no mottling) 
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line of Cl A paired with nionosporidial lines of two additional physio- 
logic forms of S. sorghi^ namely, S2 and S3. 

Apparently the sexual compatibility between interspecific lines also 
can be determined soon after the plants are inoculated. Certain 
combinations caused flecking of the plant leaves, as did the sexually 
compatible pairs of intraspecific lines, and it is significant that only 
those plants inoculated with the combination that caused flecking of 
the leaves produced smutty heads. As stated previously, leaf galls 
occasionally formed on plants inoculated with Sphacelotheca sorghij 
but in these tests no galls developed as a result of inoculations with 
interspecific crosses. 

Holton {13) found that hybrid chlamydospores produced as a result 
of a cross between Ustilago levis and U. avenae germinated normally, 
but that only an occasional primaiy sporidium developed when iso- 


S1A CIA 



KjcJi’iiE r». -'Result*! of inoculating sorghum plants with four mono- 
sporidial lines of Sphacelotheca norghi from chlamydospore SI A paired 
with the four moiiosporidial lines of cruenlu from chlamydospore 
VIA 

lated. In the present investigations with Sphacelotheca sorghi and S. 
cruenta germination tests were made of a large number of primary 
sporidia isolated from germinating interspecific hybrid chlamydospores. 
The percentage of germination was found to be just as high as that of 
sporidia isolated from chlamydospores of inbred lines of either S. 
sorghi or S', cruenta. Furthermore, the hybrid chlamydospores w^ere 
found to be pathogenic, since from 11 to 40 per cent of the Keed kafir 
plants inoculated with these hybrids developed smutty heads. 

Sphacelotheca sorghi and S, cruenta have been distinguished macro- 
scopically by the type of membrane surrounding the sori. This 
structure in the case of S. sorghi is relatively thick, grayish brown in 
color, and seldom ruptured except from mechanical injury. The outer 
membrane inclosing the sori of S. cruenta is thinner and more fragile 
and ruptures soon after the panicle has emerged, thereby exposing the 
mass of black chlamydospores. Microscopically, the two species have 
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been differentiated according to the type of sterile cells produced. 
Elongated hyaline cells of small diameter, which adhere in chains 
when the tissue is macerated, are supposed to be typical of S. sorghi. 
The sterile cells reported to l>e typical of S. cruenta are hyaline and 
spherical, having a diameter about twice that of the chlamydospores, 
and adhere rather loosely in clumps. In the present investigations, 
in intraspecific crosses the sori in the panicles were macroscopically 
characteristic of those of the respective species, whereas in the inter- 
specific crosses sori of the type characteristic of S. cruenta were always 
dominant in the Fi and the F 2 generations. Microscopic examination 
of sterile cells revealed the fact that both typos of cells were present 
not only in the interspecific hybrids but also in the intraspecific crosses 
and in a number of macroscopically distinct specimens of both species. 
In some sori the sterile cells, which are supposed to be characteristic 
of the species, predominated; in others the distribution was more even, 
making it difficult to determine microsccmically to which species the 
smut belonged. Tisdale, Melchers, and Clemmer (77) likewise found 
both types of sterile cells in mature sori of certain collections of the 
milo and hegari strains of S. sorghi and in a number of authentic 
specimens of both S. sorghi and S, cruenta. These results indicate 
that the method of differentiating the two species on the basis of the 
type of sterile cells produced is not entirely satisfactory. 

CONCLUSIONS 

From the data presented it is evident that both Sphacelotheca 
sorghi and S. cruenta are heterothallic. Monosporidial lines isolated 
from chlamydospores of the common, milo, and feterita strains of S. 
sorghi and from a collection of S. cruenta failed to cause infection of 
Reed kafir sorghum. When inoculated with sexually compatible 
lines this variety became infected, as evidenced by the production of 
chlamydospores in the host. 

By mating a monospoHdial line of a pathogenic ally distinct physio- 
logic forni of Sphacelotheca sorghi with a line of opposite sex of another 
physiologic form or of another species {S. cruenta) hybrid chlainydo- 
spores were formed in the host. The fact that these intraspecific and 
interspecific hybrid chlamydospores have been produced under con- 
trolled conditions strengthens the assumption that hybridization ac- 
counts, at least in part, for the occurrence of pathogenically distinct 
strains of the kernel smuts of vsorghum. Theoretically these hybrids 
should contain factors for pathogenicity from both parents, and a 
recombination of these factors should develop new strains that may 
differ in virulence from either of the parents. Preliminary tests of 
the pathogenicity of these hybrids have been made, and the results 
indicate that the hybrids do differ from either of their parents in 
ability to infect certain varieties of sorghum. 

Ficke and Johnston (8) reported that the common, milo, and feterita 
strains of Sphacelotheca sorghi may be distinguished by cultural char- 
acteristics on various kinds of nutrient media. In the present inves- 
tigation, however, it was found that the cultural characteristics of f<»ur 
primaiy monosporidial lines isolated from a single promycelium of the 
common strain were distinctly different. In fact, from three chlamy- 
dospores isolated from a single smut sorus, 10 of the 12 primary 
sporidia isolated were distinctly different in type of growth on artificial 
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media. These resxilts indicate that the common strain of S. sorghi can 
not be distinguished from other pathogenically distinct strains by any 
one particular type of growth on artificial media. 

SUMMARY 

Sphacelotheca sorghi (Lk.) Clint, and S. cruenta (Kiihn) Potter are 
heterothallic. Monosporidial lines of both species failed to produce 
chlamydosporcs in the host plants, but when the plants were inocu- 
lated with two monosporidial lines of opposite sex smutted heads 
were produced. 

Monosporidial lines from both Sphacelotheca sorghi and S. cruenta 
were found to belong to two sex groups. In intraspecific and inter- 
specific crosses these sex groups \^ere found to be constant and there 
was no evidence of complete intersterility or interfertility. 

Factors determining sex of monosporidial lines of both species segre- 
gated on a 2:2 and 1 :3 basis. The factors ’determining sex segregated 
independently of those determining type of growth of monosporidial 
lines on artificial media. 

Some evidence was obtained indicating that the sexual compatibility 
of paired lines may be detected soon after the sorghum plants have 
been inoculated. On leaves of plants inoculated with sexually com- 
patible paired lines distinct chlorotic areas developed four to six 
days after inoculation, whereas plants inoculated with monosporidial 
or sexually incompatible lines remained normal. 

Sphacelotheca sorghi and S, cmenia are interfertile. Intraspecific 
crosses produced sori in the panicles that were macroscopically 
characteristic of the species, while interspecific crosses produced sori 
rnacroscopically characteristic of S. cruenta. 

Sterile cells of both the elongated and the spherical type were found 
to be present in sori resulting from both intraspecific and interspecific 
crosses. 
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PHYSIOLOGIC SPECIALIZATION IN PUCCINIA GRAMINIS 

SECALIS' 

By Ralph U. Cottek,'* formerly Aasiatant Pathologist, and Moses N. Levine, 
Pathologist, Dinsion of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture ® 

INTRODUCTION 

The literature dealing with the physiologic specialization of Puccinia 
graminis secalis Eriks, and Henn. and P. dispersa secalis Eriks, 
and Henn. is exceedingly meager. Levine and Stakman (4)^ reported 
in 1923 that P. grammis secalis comprised at least two, and probably 
three, distinct physiologic forms, idfentified by their parasitic effect 
on three commercial varieties of rye — Rosen, Swedish, and Prolific. 
Mains (6) in 1926 referred to two physiologic forms of P. dispersa 
secalis f which he distinguished by their parasitic effect on an inbred 
line of Abruzzes (Abrxizzi) rye. This selfed line of rye was uniformly 
highly resistant to his physiologic form 1 and very susceptible to form 2. 
P\>r ol)vious reasons the use of standard commercial varieties of cereals 
as differential hosts in the study of physiologic specialization of the 
grain rusts is highly desirable. But as lye naturally is cross-polli- 
nated, the study of specialization in P. graminis secalis is more difficult 
than that of other varieties (races) of P. graminis for which pure lines 
of differential hosts may be obtained with comparative ease. 

The particular object of the present investigation w'as to ascertain 
the number, geographic distribution, and parasitic nature of the 
physiologic forms of Puccinia graminis on rye. An attempt was made 
to obtain rust collections from as many localities as possible, to identify 
them, and to determine their parasitic behavior under varying condi- 
tions. Particular attention was paid to the rye-gi-owing sections of 
the United States, the survey being especially concentrated in south- 
eastern Minnesota. 


MATERIALS AND METHODS 

The first serious endeavor to study intensively physiologic specializa- 
tion in stem rust of rye was started in 1918. It was not until 1921, 
however, that the first three differential hosts, mentioned in the 
introduction, were found. Later, two additional differential varieties, 
Dakold and Colorless, were added. These five differentials were 
selected from a dozen or more commercial varieties and inbred lines 
of rye that had been inoculated repeatedly. In addition to the five 
differential varieties, each of 'which reacted differently to different 
physiologic forms, should be mentioned Giant Winter, obtained from 
J. F. Brandon, superintendent of the United States Dry-Land Field 
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Station at Akron, Colo. Giant Winter has proved extremely suscep- 
tible to all forms of Puccinia graminis secalis so far discovered and 
consequently can not be properly considered a differential host for 
these forms. 

DESCRIPTION OP DIFFERENTIAL HOSTS 

The five commercial varieties of rye chosen as differential hosts are 
all members of Secale cereale L. A brief description of each and of 
Giant Winter follows : 

Rosen, Minn. Accession No. 82.— Rosen rye was developed at the Michigan 
Agricultural Experiment Station by selection from Petkus rye obtained from 
Russia through J. A. Rosen, agricultural expert of the Agrojoint Colonization 
Committee, in 1909. It was first distributed in 1912. It matures late, has large 
spikes filled with large dark kernels, is not so winter-hardy as Swedish No. 2, and 
is well adapted for growing in Michigan, Wisconsin, and southern Minnesota. 

Swedish, Minn. No. 2. — A very hardv, good-yielding variety, which was 
produced at the Minnesota Agricultural Experiment Station by selection from 
a sample of Swedish rye obtained in 1895 from John Brogard, Henning, Minn. 
Seed was selected from the hardy plants that survived the winter. The seed was 
first distributed to farmers in Ijfot, and this is now the leading variety in Minne- 
sota and the eastern part of South Dakota. The plants have small heads with 
small dark kernels, borne on ratlier tall, slender culms. 

Prolific, Minn. Accession No. 89. — Prolific is a spring rye, the origin of which 
was a mass selection made at the Universitv of Saskatchew'an from an unknown 
sample of seed received from Germany. It was registered in 1921 under the 
name Prolific, Sask. 302,” and a quantity of hand-picked seed has been dis- 
tributed each season since that time. According to Champlin (^), it matures 
very late but is a high yielder and is now grown extensively in the Province of 
Saskatchewan. 

Dakold, Minn. Accession No. 93. — Dakold rye was originated by the North 
Dakota Agricultural Experiment Station in 1902, when a few plants were found 
in a field w'here winter wheat had been sown but had been winterkilled. It was 
first distributed as “ N. Dak. No. 959,” but was later named Dakold. It resembles 
Swedish No. 2 in appearance and is very hardy under northwestern conditions. 
It is widely grown in North Dakota and has produced the highest average yield 
in a 4-year test at Saskatchewan. 

Colorless, Minn. No. 104, — Colorless rye was produced at the Minnesota 
Agricultural Experiment Station by continued, pedigreed selection for the pale- 
color character from Swedish No. 2, resembling the latter in every other respect. 

Giant Winter. — Giant Winter rye was introduced into the United States 
from France by the United States Department of Agriculture in 1901. The 
variety resembles Swedish No. 2 but appears to be of minor economic importance. 
It is grown to a certain extent in southeastern Wyoming and northeastern 
Colorado. 

INOCULATION TECHNIC AND CULTURE METHODS 

In all, 147 cultures of rye stem rust were studied. Specimens were 
obtained from 12 States in the United States, extending from Maine to 
Colorado and from Kansas to Wisconsin; from Ontario, Canada; 
and from France, Scotland, and Sweden. The hosts on which the 
rust was orginally found comprised cultivated and volunteer rye, 
Secale cereale; the common barberry, Berberis vulgaris L.; and the 
following wild grasses: Agropyron repens (L.) Beauv., A, smithii 
Rydb., A. tenerum Vas., Elymus sp., Hordeum jubatum L., and H. 
pusiUum Nutt. By means of inoculations, made for the past decade 
at Univereity Farm, St. Paul, Minn., 104 of the cultures were separated 
into distinct physiologic forms. The inoculation technic was essen- 
tially that described by Stakraan and Piemeisel {10), The identity of 
the forms was determined by a modification of the method used by 
Stakman and Levine {8) in their study of physiologic forms of Puc- 
cinia graminis tritici Kriks. and Henn. The various types of infection 
produced by P. graminis secalis on ^e seedlings were used as a 
guide in the present study. (Fig. 1.) The hostrreaction classes were 
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adapted with some modification from Levine (3). The modifications 
were necessary because of the heterozygous nature of the differential 
varieties of rye. This heterozygosity also necessitated, in the majority 



Figurk l.—Heactlon classes of ditferential vturletics of rye as indicated by infection types produced 
by Puccinia graminia acealia: (''lass K, resistant, embracing type 0 (no infection whatever or 
pronounced necrotic flecks), type 1 (minute uredia surrounded by solid necrotic areas), and tyiwj 
2 (small pustules in green islands surrounded by necrotic halos); class M, mesothetic, consisting of 
tyi)e X (infection heteromoeous and ill defined); class S, susceptible, composed of type 3 (medium- 
siee uredia with slight chlorosis but no necrosis), and type 4 (large confluent uredia, resulting in very 
heavy infection) 

of cases, the testing of rather large numbers of individuals of each 
differential variety. On an average, more than 200 plants of each 
variety were infected before the identity of a rust culture was estab- 
lished, although there were some unavoidable exceptions. 
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CLASSIFICATION OP HOST REACTIONS 

Three host-reaction classes — ^resistant, mesothetic, and suscep- 
tible — are recognized in the identification of physiologic forms of 
Puccinia graminis secalis. This classification is based on the differ- 
ent types of infection produced by the rust on seedlings and on the 
relative number of individuals in a given variety reacting in a definite 
manner. The following is a schematic description of the reaction 
classes and infection types : 

Class R. — A variety is considered resistant when less than 25 per cent of the 
infected plants show normal development of rust, or conversely, when the rust- 
infection types produced on 75 per cent or more of the infected plants are, indi- 
vidually of severally, 0, 1, and 2, with their plus and minus fluctuations: 

Type 0 , — Plants virtually immune; no uredia are developed, but sharply defined 
necrotic flecks or necrotic lesions usually are present. 

Type 1 . — Plants extremely resistant; infection very light; uredia minute and 
scattered, surrounded by clearly defined, continuous necrotic areas. 

Type 2 . — Plants moderately resistant; infection light; uredia isolated and small 
to medium in size; hyperserfsitivc areas in the form of necrotic halos or circles; 
pustules usually in green, though slightly chlorotic, islands. 

Class M. — The host reaction is considered mesothetic when more than 25 
and less than 76 per cent of the infected plants have rust pustules of types 3 and 
4, or when the infection on all or most of the plants is heterogeneous as indicated 
by infection type X with its accompanying plus and minus fluctuations: 

Type X . — Infection heterogeneous; uredia very variable, apparently including 
all types and degrees of infection on the same blade; no mechanical separation 
seems possible, since on reinoculation spores from small uredia may produce large 
ones, and vice versa. 

Class S. — When 75 per cent or more of the infected plants of a given variety 
are moderately to heavily rusted, i. e., when the infection on them is of either 
type 3 or 4, or both, including their plus and minus variations, the variety is 
designated susceptible: 

Type 3 . — Plants moderately susceptible; infection medium; uredia mid sized 
with slight tendency to coalesce; true hypersensitiveness absent but light chlorotic 
areas usually present, especially under unfavorable cultural conditions. 

Type 4. — Plants completely sujceptible; infection normal and heavy; uredia 
large and generally confluent; hypersensitiveness normally absent, but chlorosis 
may be present when cultural 'conditions are not favorable. 

Plus and minus signs indicate a slightly greater or smaller amount 
of rust than the nearest figure representing the infection type. Ne- 
crotic lesions are designated by a dot (.), necrotic flecks by a semi- 
colon (;), and necrotic islands by a colon (:). The sign of equality 
denotes double minus. 

The determination of the rust reaction of a given variety to Puccinia 
graminis secalis is rather simple when a great many plants are tested. 
The individual plants are examined first for infection types; then 
they are grouped according to the reaction classes, and the number 
in each class is recorded. The relative susceptibility of the variety 
is determined by the quotient obtained from dividing the number of 
susceptible plants by the total number of infected plants. Thus, for 
example. Colorless was considered higlily susceptible to the Litchfield 
(Minn.) culture (form 11), because 461, "or 91.47 per cent, of the 505 
plants that became infected had rust pustules of types 3 and 4; of 
the remaining infected plants, 43, or 8.51 per cent, were placed in 
the resistant class, and 1 was classified as mesothetic. Dakold, on 
the other hand, was considered resistant to this culture, because only 
25, or 8.93 per cent, of the 280 infected plants were really susceptible, 
Similarlv, the Swedish variety was classified as mesothetic to the 
liitcbfield culture because 32.08 per cent of the infected plants, i. e., 
mpre than 25 but less than 75 per cent, were heavily infected. 
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However, when the number of plants was unavoidably small, the 
susceptibility quotient ceased to be effectively operative. In such 
cases a numerical equivalent, as presented in Table 1, was assigned 
to each infected plant according to the degree and type of infection 
produced on it. From these the relativ^e susceptibility of the variety 
was determined by calculating the average percentage equivalent. 
For instance, in the case of Rosen, inoculated with the culture from 
Haddington, Scotland (form 11), 19 plants became infected; 3 of 
these were marked type 3, 3 were 4 — , and the remaining 13 were 
recorded as 4 + . The total numerical equivalent for the 19 plants, 
according to Table 1, was 3X50 + 3X82 + 13X94^1,618, with an 
average for the variety of 1,618-^-19, or 85.16 per cent. 
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Fuiure 2. - Successive series of the physiologic forms of Puccinia 
graminis secalis indicating their respective virulence (juotients 


Table 1. — Graduated scale shaming numerical equivalents for host reactions ^ corre- 
sponding to symbols representing types and degrees of infection,^ used as a means 
to determine the relative susceptibility of differential varieties 


Immune to moderately re.sistant 

Mesothetic to extremely sihsceptible 

Infection 

index 

Numeri- 
cal equiv- 
alent 

Infection 

index 

Numeri- 
cal equiv- 
alent 

Infection 

index 

Numeri- 
cal etjuiv- 
alent 

Infection 

index 

Numeri- 
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alent 
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* For explanation of symbols see p. 300. 
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Table 3. — Relative susceptibility of differential varieties of Secale cereale and comparative virulence of physiologic forms of Puccinia graminis 
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Figure 3. -Frequency distribution of physiologic forms of Pxiccinia 
graminis secalis identified during the period 1921“! 93 1 



Figure 4. -Distribution of physiologic forms (numerals to circles ) of PucHnUt graminit ucalii in 
1021 represented by indlvidual^coJlectlons made and identified during the period 
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Data on the prevalence and distribution of the physiologic forms 
are presented in Figures 3 and 4 and in the following list: 

Places where the different physiologic forms of Puccinia graminis secalis were coU 
lectedy 1921-1931 y and the number of times each was isolated 
Times isolated 


Form 1 1 

1921 — St. Paul, Minn. 

Form 2 2 

1922 — Madison, Wis. 

Massy, France. 

Form 3 8 

1921 — Gurnee, 111. 


1922 — Caledonia, Ontario. 
Gurnee, 111. 

Ithaca, N. Y. 

Marshall, Wis. 
Northfield, Minn. 

Red Wing, Minn. 

1931 — Rosemount, Minn. 

Form 4 

1922 — Brian^on, France. 

Minneapolis, Minn. 

1927 Northfield, Minn. 

1930 — Minneapolis, Minn. 
Form 5 .. 

1922 — Presque Isle, Me. 

1923 — Commerce, Mich. 

Form 6_ 

1922 — Stockholm, Sweden. 
Form 7 

1925 — Gilman City, Mo. 

Red Wing, Minn. 

1926 — Bancroft, S. Dak. 
Charlevoix, Mich. 
Chatham, Mich. 

Fort Collins, Colo, 
bake City, Minn. 

Sauk Center, Minn. 

1927 — Belleville, Kans. 
Bloomington, Wis. 
Cherrygfove, Minn. 
Decorah, Iowa. 

Ganges, Mich. 

Lebanon, Kans. 

Lcsueur Center, Minn. 
J.»ewi8ton, Minn. 
Plainview, Minn. 

Red Wing, Minn. 

Salina, Kans. 

Saratoga, Minn. 

1929 — Chatfield, Minn. 
Rochester, Minn. 

1930 — Lydia, Minn. 

1931 — Anoka, Minn. 

Blooming Prairie, Minn. 
Faribault, Minn. 

Fond du Lac, Wis. 

Form 8 

1922 — Presque Isle, Me. 

1924 — Belleville, Kans. 
Goodhue, Minn. 

1927— Belleville, Kans. 

1931 — Invergrove, Minn. 


Times isolated 

Form 9__„ 7 

1924 — Wanamingo, Minn. 

1926 — Marengo, 111. 

Ponca, Nebr. 

1927 — Dccorah, Iowa. 

1931 — Cherry grove, Minn. 

Kenyon, Minn. 

Union Lake, Minn. 


Form 10. 1 

1923 — Akron, Colo. 

Form 11 33 


1922 — Haddington, Scotland. 
Rochester, N. Y. 

St. Paul, Minn. 

4 1924 — Redding, Iowa. 

1925 — Belleville, Kans. 

Litchfield, Minn. 

1920 — East Lansing, Mich. 
Minneapolis, Minn. 

2 Petoskey, Mich. 

Salina, Kans. 

Wells, Minn. 

1 Woodstock, 111. 

1927“ Belleville, Kans. 

27 Decorah, Iowa. 

Rochester, Minn. 

Traverse City, Mich. 

1928 — New Brighton, Mirni. 
Zumbra Heights, Minn. 

1929 — Chatfield, Minn. 
Minnetrista, Minn. 

Orono, Minn. 

Rochester, Minn. 

Rosetow'n, Minn. 

St. Paul, Minn. 

1930 — Minneapolis, Minn, (twice) 

1931 — Belleville, Kans. 

Faril)ault, Minn. 

Ishi^eming, Mich. 

Loyalton, S. Dak. (twice). 
Mankato, Minn. 

Marquette, Mich. 

Form 12 10 

1922 — Minnea])olis, Minn. 

1925 — Rcdfield, S. Dak. 

1928 — Minneapolis, Minn. 

1931 — Ilaycreek, Minn. 
Invergrove, Minn. 
Northfield, Minn, (twice). 
Ord, Nebr. 

Potosi, Wis. 

Westfield, Minn, 


5 Form 13 1 

1926 — Morris, Minn. 

Form 14 - 2 


1926 — Central Lake, Mich. 

1927 — Brookings, S. Dak. 


The number of forms identified in each year w'as as follows: In 1921, 2; in 1922, 
8; in 1923, 2; in 1924, 3; in 1925, 3; in 1926, 6; in 1927, 6; in 1928, 2; in 1929, 2; 



310 


Journal oj Agricultural Besearch 


Vol,45,No.« 


It is noteworthy that each of all but two of the collections studied 
consisted of a single physiologic form. The exceptions were telial 
collections on Agropyron repens, one from Decoran, Iowa, and the 
other from Chatfield, Minn. Berberis vulgaris was inoculated with 
sporidia of these collections, and the resulting aecia yielded three 
distinct forms from the Decorah collection (forms 7, 9, and 11) and 
two forms from the Chatfield collection (forms 7 and 11). 

PHYSIOLOGIC SPECIALIZATION 

When the type and degree of infection and the relative suscepti- 
bility of each differential variety have been determined, the physi- 
ologic forms are identified with the aid of a key similar to those used 
for the identification of physiologic forms of Puccinia ^aminis tritici 
and P. graminis arenas (8, 1). The key is here included. Only the 
reaction class of each variety is considered. For example, if Rosen is 
resistant and Swedish susceptible, the key would indicate that the 
culture producing this reaction is P. graminis secalis form 1 . On the 
other hand, if Rosen is susceptible, Swedish and Prolific mesothetic, 
Dakold resistant, and Colorless susceptible, the rye stem rust causing 
these reactions would be identified as form 11. The key does not 
indicate the reaction of the complete set of differentials in every 
instance. It is therefore necessary to check the tentative identifica- 
tion with the known action of the corresponding forms as indicated in 
Table 3. If the relative susceptibility of each of the differential 
hosts approximates that designated for the physiologic form in ques- 
tion, the identification is considered complete; if it does not, then 
either the form has not yet been described or the culture consists of a 
mixture of forms, which must be separated before correct identifica- 
tion can be made. 

Identification op Physiologic Forms 

Analytical key for the identificatioii of physiologic forms of Puccinia graminis 
secalis on the basis of their parasitic behavior on five differential varieties within 
the species Secale cereale. 


Rosen resistant: rorm No. 

Swedish resistant 10 

Swedish susceptible 1 

Rosen mesothetic: 

Swedish resistant 13 

Swedish mesothetic 8 

Rosen susceptible: 

Swedish resistant — 

Prolific mesothetic 2 

Prolific susceptible 5 

Swedish mesothetic — 

Prolific mesothetic — 

Dakold resistant— 

Colorless mesothetic 14 

Colorless susceptible 11 

Dakold mesothetic.. 7 

Prolific susceptible — 

Dakold resistant 9 

Dakold mesothetic 12 

Swedish susceptible — 

Prolific resistant 6 

Prolific mesothetic .,1 4 

Prolific susceptible * 3 
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PATHOGENICITY 

It will be seen from Tables 2 and 3 that some of the physiologic 
forms of Puccinia graminis secalis are very virulent, whereas others are 
extremely weak on the differential varieties of rye. The behavior 
of the first 3 of the 14 identified forms on Rosen, Swedish, and Prolific 
has been briefly described by Levine and Stakman (4) as follows: 

One form [form 3] is quite virulent, possessing the capability of attacking 
heavily all of the three varieties; another form [form 2] attacks Rosen very 
heavily, Prolific only moderately and Swedish very weakly; while still another 
form [form 1] produces normal infection on Swedish and Prolific, but only weak 
infection on Rosen. 

Judging from its virulence quotient (Table 3 and fig. 2), it would 
seem that form 3 is the most virulent of all known forms, but only 
slightly more so than form 4. Next in order of virulence is form 5. 
It must be remembered, however, that the reaction of Dakold and 
Colorless to this form is unknown; consequently its exact virulence 
quotient is not fully established. Form 12, with a virulence quotient 
of 69.18, follows very closely beliind form 5, whose quotient is 70.80 
on the basis of the three varieties tested. Each of these quotients 
is considerably lower than that of form 3, whose quotient is 80.55, or 
that of form 4, whose quotient is 79.18. Unlike form 5, forms 3, 4, 
and 12 have been tested on all of the differentials. The weakest in 
virulence, as far as has been determined, is form 10, whose quotient is 
only 2.13, the next being form 13 with a Quotient of 37.22. However, 
it must be borne in mind that form 10, like fonn 5, has been tested 
on only three differential hosts. 

PREVALENCE AND DISTRIBUTION 

More than half of all collections identified consisted of only forms 
7 and 11. These two forms in the main closely resemble each other 
in their pathogenicity on the five differentials. The only outstand- 
ing difference is furnished by Dakold, a variety mesothetic to Form 7 
and resistant to form 11. The difference in virulence quotient of 
the two forms is slightly more than 7 points. Forms 7 and 11 re- 
semble each other not only in frequency distribution, 27 and 33 iso- 
lations respectively (see p. 309, Table 4, and fig. 3), but also in extent 
of distribution geographically. Both forms were for the most part 
found in only tliree States — Kansas, Michigan, and Minnesota 
(Table 4); form 7 was collected in these States twenty-one times, 
and form 11, twenty-six times. In addition, form 7 was found also 
in Colorado, Iowa, Missouri, South Dakota, and Wisconsin; while 
form 11 was collected also in Illinois, Iowa, New York, South Dakota, 
and Scotland. Form 7 was isolated twice in 1925, six times in 1926, 
twelve times in 1927, twice in 1929, once in 1930, and four times in 
1931, whereas form 11 appeared three times in 1922, once in 1924, 
twice in 1925, six times in 1926, four times in 1927, twice in 1928, 
six times in 1929, twice in 1930, and seven times in 1931. 
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Table 4. — Prevalence and diatrihuiion of physiologic forms of Puccinia graminis 
secalis identified during the period 19$1-19S1 


Number of times indicated form was found 


Total num- 
ber of— 


uistnbuiion 

1 

2 

3 

4 

6 

6 

7 

B 

9 

10 

11 

12 

13 

14 

Cul- 

tures 

Forms 

United States: 







1 



1 





2 

2 

Illinois 



2 






1 

1 




4 

3 








1 


1 


2 




4 

3 








8 

2 


4 




9 

3 






1 



1 







2 

2 






1 


3 




6 



1 

10 

4 


1 


3 

3 


16 

2 

4 


17 

7 

1 


63 

9 

Missouri 






1 



1 

.... 



1 

1 

NehraMkA 









1 





2 

2 

New York 



i 








.... 

1 


.... 

2 

2 

South Dakota 











2 



6 

4 

Wisconsin. 


"i 

i 




2 







6 

4 

Foreign countries: I 

nariArlA 


1 












1 

1 

France 


.... 

.... 











2 

2 

1 

Scotland 









.... 




1 

Sweden 










- -• 




1 

1 
















Total 

1 

2 

8 

4 

1 2 

1 

27 

5 

7 

1 

33 

10 

1 

2 

104 

14 













The only other forms that were fairly common, besides those just 
discussed, were forms 3 and 12. Form 3 was isolated only during 
three years of the investigation, once in 1921, six times in 1922, and 
once in 1931, but it occurred in New York, also through Ontario to 
Minnesota, in an almost straight line. Form 12 was found once 
each in 1922, 1925, and 1928, but was isolated seven times in 1931. 
As is true of the physiologic forms of stem rusts of wheat and of oats 
(^, 5, 5), the same forms of Puccinia graminis secalis did not recur 
with any regularity year after year, nor were they uniformly dis- 
tributed in any definite area. 

All the forms except torn 6 have been found in the United States. 
Form 6 came from Stockholm, Sweden. However, since this study 
by no means constitutes a complete survey of the status of rye stem 
rust, it is unlikely that all of the forms that may have been present 
were collected. 

DISCUSSION AND CONCLUSIONS 

Notwithstanding the heterozygous nature of commercial varieties 
of rye, it was possible to establish the existence of at least 14 physio- 
logic forms of Puccinia graminis secalis by the use of certain standard 
varieties of Secale cereale. In many cases great numbers of plants 
must be tested to be certain of the results. However, when the re- 
sults of inoculation are clear-cut and uniform, smaller numbers may 
suffice. In the identification of form 7, for example, where three of 
the five differential varieties are mesothetic or intermediate in re- 
action, not less than 200 seedlings of each variety were found to be 
necessary. In the case of form 10, on the other hand, apparently 
reliable results were obtained with a tenth of the required number of 
plants tested. The infection types in the last instance were very 
definite and absolutely uniform. The maximum infection on any 
one plant was (1 — ), the minimum (0;). It seemed reasonable to 
accept these results as conclusive and as a basis for considering the 
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existence of form 10 as highly probable. That this form is a compo- 
nent part of P, graminis secalis is evidenced by the fact that the 
original culture came from heavily infected Giant Winter rye. At 
any rate, the majority of the forms described in this paper were identi- 
fied after a considerable number of individuals of the various differen- 
tial hosts had been tested. Forms 7 and 11 were found most widely 
distributed and of most frequent occurrence, representing about 26 
and 32 per cent, respectively, of the total number of cultures identi- 
fied. Form 12 was third, with a 10 per cent ratio in the frequency 
distribution, and form 3 was fourth, with approximately 8 per cent 
of the total number identified. The remaining 11 forms gradually 
tapered down from seven isolations to only a single one. 

Seventy-four of the collections were identified directly from the 
original material, for they were either in the uredial (46 cultures) or 
aecxal (28 cultures) stages. The remaining 30 cultures were of telial 
origin and had to pass through the aecial stage on barberry (Berberis 
vulgaris L., B. oblonga Schn., or B. notdbilis Schn.) before their be- 
havior on the differentials could be ascertained. It was from two 
telial collections on miack grass that three different forms (7, 9, and 
11), in one case, ana two forms (7 and 11), in another case, were 
isolated on passing^ through the aecial stage on the common barberry. 
Inasmuch as it is^not known whether the original material in either 
case consisted of a single physiologic form, it would be hazardous to 
assume that a genetic change had occurred. There is evidence, how- 
ever, of hybridization in the aecial stage, resulting from crossing 
Puccinia graminis secalis with P, graminis tritici. 

Changes in environmental conditions affect perceptibly the degree 
of infection and virulence quotients of forms of rye stem rust but not 
their physiologic specialization. Pathogenically these forms appear 
to remain genetically constant under varying conditions of tempera- 
ture and luminescence, L. W. Melander ® observed yellow pustules 
in a brown culture of rye stem rust, supplied to him by the writers 
and grown by him under constant light (162 foot-candles) at 20° C. 
The yellow pustules also were present at the same time m the original 
culture grown by the writers under ordinary greenhouse conditions. 
This would tend to show the presence of color mutation in Puccinia 
graminis secalis^ similar to that described by Newton and 
Johnson (7) for P, graminis tritici. Extensive tests proved the two 
varicolored cultures to be pathogenically identical, namely, P. graminis 
secalis form 7. 

Many varieties of barley and all the differential varieties of wheat, 
as well as the oat differentials, were subjected to a thorough test with 
the secalis forms. The oat varieties were extremely resistant through- 
out. All the differential varieties of wheat reacted in like manner, 
except Little Club. This variety reacted heterogeneously to a few 
collections of Puccinia graminis secalis when first inoculated. In all 
these tests the presence of forms of P. graminis tritici was detected. 
In one instance, however, the presence of the wheat stem rust was not 
discovered until after many tests had been made. Its occurrence 
may therefore have resulted from a subsequent accidental contamina- 
tion, and the moderate development of rust on Little Club evidently 
was entirely due to the rye rust. Unfortunately, this rust strain was 
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destroyed before monosporous cultures could be obtained for further 
intensive analysis. However, reasonably pure cultures of forms 7 
and 11 of P, graminis secalis recently have been identified that in- 
fected Little Club wheat in an indetenninate (mesothetic) manner, 
although all other wheat differentials definitely proved to be extremely 
resistant to these forms. 

Between 30 and 40 varieties of barley belonging to the species 
Hordeum xndgare L., H. intermedium Kcke., H. aistichon L., and H. 
dejiciens Steud., reacted variously to the different tested forms of 
Pucdnia graminis secalis. A detailed study of the reaction of barley 
varieties to the different cereal rusts is at present being completed. 

SUMMARY 

During the period from 1921 to 1931, inclusive, close to 150 collec- 
tions of Pucdnia graminis secalis were studied to determine the 
physiologic specialization within this rust variety. 

Fourteen physiologic forms have been distinguished, and the char- 
acteristic parasitic behavior of each has been ascertained on several 
differential varieties of Secale cereale. 

Because rye is cross-pollinated, the identification technic is more 
involved than in the case of stem rust of either wheat or oats, but 
apparently is not less certain. 

Some of the physiologic forms identified occurred frequently and 
were widely distributed, others occurred rarely and in restricted areas. 

Form 1 1 was isolated from the largest number of localities and was 
an important factor in the rye stem-rust epidemics of 1926, 1927, 1929, 
and 1931, occurring with approximately even frequency in all these 
years except 1927. 

Although form 7 was collected almost as often as form 11, it 
appeared to be scattered over a greater geographic area and was 
isolated at different times for six, instead of nine, years of the present 
investigation. It was especially common in 1927. 

Forms 1, 6, 10, and 13 were collected only once each; the remaining 
eight forms were isolated from two to ten times each. 

The frequency of the occurrence of the different physiologic forms 
was not always coextensive with their distribution, nor was the preva- 
lence of a given physiologic form paralleled by its virulence on the 
differential varieties. 

The pathogenicity of the physiologic forms of Pucdnia graminis 
secalis was but slightly and only temporarily affected by external 
conditions, such as temperature and light. 

There seems to be strong circumstantial evidence of the occurrence 
of color mutations in the rye stem rust, but none so far of mutations 
in parasitic behavior. 

The possibility of the origin of rye stem-rust forms through hybridi- 
zation m the aecial stage is supported by the evidence of the production 
of new forms of wheat stem rust by crossing Pucdnia graminis secalis 
with P. graminis triticL 
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LEAD ARSENATE POISONING IN CHICKENS * 

By E. F. Thomas, Assistant Veterinarian^ and A. L. Shealy, Head, Department 

of Animal Husbandry and Dairying, Florida Agricultural Experiment Station 

INTRODUCTION 

During the spring of 1929 the veterinarians of the Florida experi- 
ment station staff were called upon to investigate numerous complaints 
from poultry owners who lived in areas of Florida in which lead 
arsenate spray was being used in combating the Mediterranean fruit 
fly. Since it was impossible to obtain information on the toxicity of 
lead arsenate to chickens, and there were few indications of poisoning 
in the greater number of cases, it was necessai^ to conduct tests with 
lead arsenate and lead arsenate spray solution to determine their 
effect on chickens. 

The spray formula used by the United States Department of Agri- 
culture in cooperation with the Florida State plant board in the cam- 
paign against the Mediterranean fruit fly was as follows: Lead arse- 
nate, 8 pounds; brown sugar, 50 pounds; syrup, 10 gallons; and water 
sufficient to make 200 gallons. In all tests with poultiy the solution 
was prepared according to this formula, and made up in 1-gallon 
quantities. 

EXPERIMENTAL DATA 

The tests to determine the effect of powdered lead arsenate on 
chickens were conducted first. Each chicken was assigned a number, 
weighed, and fed a definite quantity of lead arsenate powder. Obser- 
vations were made several times daily after the feeding. In all cases 
the lead arsenate was given in capsules except to the birds receiving 
1 -ounce and 2-ouncc doses, where it was necessary to add the powder 
to water and administer as a solution. Table 1 shows the quantity 
given each bird and the results obtained. Birds used as checks in 
adjacent pens wore all alive and healthy at the termination of these 
tests. 

To determine the effects of allowing chickens to have access to lead 
arsenate spray solution continually both as drink and food, the fol- 
lowing tests were conducted. 

Six frying-size chickens of mixed breeding, two of which weighed 2 
pounds each and four of which weighed 3 pounds each, were placed 
m pen No. 1, July 1, 1929. These birds were allowed nothing to 
drink but lead arsenate spray solution. They were fed mash and 
scratch grain as usual. A gallon of the solution was made up daily 
and placed before them in an inverted type of fountain. This tjrpe 
of drmking fountain assxired the consumption of the stronger solution, 
since lead arsenate has a tendency to settle to the bottom on standing. 
The six birds consumed approximately 1 quart daily. The test lasted 
for 60 days, ending September 1, 1929. At the end of the test period 
all the birds showed a normal gain in weight and were apparently nor- 
mal in every other respect. 
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Tabls} 1.- 


-ReatUte of feeding various quantities of powdered lead arsenate to 
chickens 


Bird 

No. 

Weight 

Date fed 
lead ar- 
senate 

Quan- 
tity of 
lead 
arse- 
nate 
fed 

Effects 

Bird 

No. 

Weight 

Date fed 
lead ar- 
senate 

Quan- 
tity of 
lead 
arse- 
nate 
fed 

Effects 


0unet9 


Oraiiu 



Ounces 


Grains 


3tl 

52 



Died June 29. 

383 

16 



Died June 25. 

377 

20 



Lived. 

74 

24 



Died June 29. 

381 

20 


20 

Do. 

380 

28 


80 

Lived. 

840 1 

40 


Do. 

348 

36 


Do. 

392 

48 



Do. 

63... 

48 

June 21 


Do. 

342 

66 



Do. 

62- 

76 



[Died July 18. 

384 

18 



Lived. 

376 

52 



Died July 1. 

343 

24 



Died June 27. 

376-. 

72 


160 

Died July 2. 

329 

28 

Jun6 21 

40 

Died July 1. 

38 

100 



Died June 29. 

364 

44 


Lived. 

310. 

16 



Died June 24. 

393 

48 



Do. 

361 

20 


• 240 

Died June 25. 

382 

56 



Do. 

368 

1 ^ 



Dietl June 24. 

338 

380 

24 

20 


- 60 

Died July 1. 
Died July 4. 

302 

32 

•June 22 

Ounces 

] 

[Died July 2. 

369 

20 



Died July 6. 

344 

40 


1 

{Died June 27. 





3.59 

40 


1 

[Lived. 






136. 

112 


2 

Died .Tune 27. 


Six apparently healthy Buff Leghorn hens were placed in pen No. 
2 on July 3, 1929. These birds were allowed nothing to eat except 
scratch grain that had been soaked in lead arsenate spray solution. 
They were given a quart of fresh soaked scratch feed daily, but the 
quantity consumed was not determined since a great deal was wasted 
by their scratching and pecking it out onto the ground. This test 
extended over a 60-day period and ended September 3. All six birds 
were apparentljr in good health at the end of the 60 days. Binis used 
as checks in adjacent pens were all alive and apparently in good health 
at the termination of the tests. 

• DISCUSSION 

In pen No. 1 each bird consumed approximately 13 grains of lead 
arsenate daily, a total consumption of 780 grains over a 60-day period, 
and showed no symptoms of poisoning. 

Birds in pen No. 2, although gjiven only scratch feed, apparently 
suffered no ill effects from consuming a small amount of lead arsenate 
daily for 60 days. 

Of 31 birds fed powdered lead arsenate, 18 died from lead arsenate 
poisoning; of 6 fed 20 ^ains, 1 died; of 6 fed 40 grains, 2 died; of 3 fed 
60 grains, 3 died; of 6 fed 80 grains, 3 died; of 3 fed 160 grains, 3 died; 
of 3 fed 240 grains, 3 died; of 3 fed 1 ounce, 2 died; and the only bird 
fed 2 ounces died. (Table 1.) Death was produced in 2 to 27 days, 
the average being 9 days. The cause of death in each case was deter- 
mined by post-mortem examination. 

The symptoms of the birds poisoned by lead arsenate were drowsi- 
ness, thirst, loss of appetite, diarrhea, and, in the last stages, cyanotic 
combs and wattles. A few of the birds passed several ascarids during 
the first 48 hours after they were fed the lead arsenate. On autopsy 
no differences were noted m the severity of the poisoning in those 
birds that passed ascarids and those that did not. 

On post-mortem examination, birds fed the larger amounts of lead 
arsenate showed some of the material still in the crop and gizzard, 
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and in such birds necrotic areas were found in the crop lining. Other 
post-mortem lesions were dark congested liver, congested and hemor- 
rhagic intestinal mucosa with blood-stained contents and a large 
amount of mucus. The kidneys were pale in color. 

All birds used in these lead arsenate tests that were apparently 
healthy at the end of the experiment were used in other kinds of tests, 
and post-mortem examinations made on them during the next year 
did not reveal any lesions that were associated with lead arsenate 
poisoning. 

Since it would seem reasonable to expect decreased egg production 
and loss of weight in hens on restricted diets such as were fed to those 
in pens No. 1 and 2, it was not deemed necessary to consider these 
factors in these tests. 

In the Mediterranean fruit-fly campaign approximately 7 gallons of 
lead arsenate spray solution was used on an acre of citrus. The 
results of the experiments here reported indicate that 168 hens could 
consume this amount continually for 60 days and suffer no ill effects. 
It would seem, therefore, that it is impossible for chickens to consume 
enough solution or sprayed foliage in a sprayed grove to suffer from 
the effects of lead arsenate poisoning. 

CONCLUSIONS 

Lead arsenate will produce death in chickens when fed in large 
quantities. 

There appeared to be no definite correlation between the weights of 
the birds and a lethal dose of lead arsenate. 

Lead arsenate spray solution of the strength used in these tests is 
apparently not harmful to chickens when consumed with feed and 
water continually for 60 days. A bird may consume as much as 13 
grains per day for 60 days without suffering any ill effects. 
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ROSE ANTHRACNOSE CAUSED BY SPHACELOMA ^ 

By Anna E. Jenkins * 

Associate Pathologist^ Division of Mycology and Disease Survey ^ Bureau of Plant 
Industry f United States Department of Agriculture 

INTRODUCTION 

The results of an investigation of the widespread but comparatively 
little-kno'wn anthracnose of the rose (Rosa) are reported herein, and 
the literature on the subject is assembled for the first time, so far as 
the writer knows. The investigation, begun in 1925, embodies a study 
of the disease mainly as found in the test gardens of the American 
Rose Society, at Cornell University, Ithaca, N. Y., and in the Van 
Fleet rose collection at the United States Plant Field Station at Glenn 
Dale, Md. During August and September, 1930, observations were 
made on a number of rose plantings in England. There has also been 
available for study diseased material from rose plantings in Japan, 
New South Wales, Portugal, and elsewhere, together with that inter- 
cepted by Federal plant quarantine inspectors from European impor- 
tations of rose ^ (50, 44 ) * and that found in mycological and phanero- 
gamic herbaria in the United States, England, and Scotland. The 
intercepted material includes part of a rose bouquet brought to the 
United States by a passenger on the German dingible 6rro/ Zeppelin 
on its first trip to this country, in October, 1928 (50, 5i, 34, 4^)> 
(Fig. 1, A.) 

ROSE SPECIES AND VARIETIES AFFECTED 

The disease discussed herein affects stems, leaves, and inflorescence 
of the rose, but in practically all cases it has been reported only on leaves 
of this plant. Discussing the disease on rose leaves in New South 
Wales in 1903, Cobb (10, p. 1064) stated that ‘*rank growing roses, 
producing large and succulent leaves, are the worst sufferers” and 
that some varieties * ♦ ♦ particularly * ♦ * small-leaved 

and climbing sorts appear almost never to suffer from the disease.” 

Among the numerous species affected are: Rosa acicularis engel-- 
manni Engel., R. hlanda L., R. canina L., R. centifolia L., R. chinensis 

'Received for publication Jan. 20, 1932; issued October, 1932. Many of the data herein presented were 
included in a thesis submitted to the faculty of the Graduate School of Cornell University, June, 1927, in 
partial fulfillment of the requirements for the degree of doctor of philosophy. 

3 Thanks are due Prof. L. M. Massey, who first called the writer's attention to the disease under dis* 
ousslon, and Prof. H. M. Pltspatriofc, both of the Department of Plant Pathology, Cornell University, and 
to Prof. A. J. Barnes, of the Department of Botany of the same university, under whose direction the 
present investigation was carried out. The writer appreciates also the uriticlsm of the manuscript by 
E. J. Butler and E. W. Mason, both of the Imperial Mycological Institute, Kew, England. Acknowledg- 
ment is likewise made of the assistance given by other mycologists, including N. L. Alcock, W. Buddin, 
B. C. Harris, M. H. Moore, W. O. Moore, J. Ramsbottom, A. Smith, T. A. Sprague, and E. M. Wake- 
field, of Great Britain; Mathiide Bensadde, of Portugal; J. G. Churchward, T. II. Harrison, and W. D. 
Waterhouse, of New South Wales; K. Goto and T. Naito, of Japan; J. B. Mwrchlonatto, of Argentina; 
and W. H. Burkholder, Charles Chupp, N. A. Cobb, H. S. Dean, B. O. Dodge, C. W. D<^ge, E. W. 
Erlanson, H, D. House, C. E. Kobuski, G, E. Nichols, F. W. Pennell, F. J. Seaver, 0. A. Weatherby, 
Cynthia Westcott, and R. P. White, of the United States. 

^ Unpublished records of the Plant Quarantine and Control Administration. 

< Reference is made by number ( italfc) to Literature Cited, p. 335. 
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FiGUfts l.'-A, Diseased leaves from rose bouquet brought from Qeraumy on the dirigible 
Graf Zeppelin and intercepted by plant-quarantine inspectors at Laheburst, N. jr., October^ 
1928; B, flowing in region of antbracnose lesions on leaves of Dora Stober rose irom Sur- 
rey, England, August, 1930; C, diseased leaves of i?<»a ehineneie sent by K. Goto, from 
Hiroshima, Japan, December, 1026. X 1. Photographs (A) by M. L. F. Foubert, (B) by 
J. F. Brewer, and (C) by W. R. Fisher 
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Jacq., R.gaUica L., R. gentiliaua L6v., JS. heleuae Eehder and Wilson, 
/?. lyoni Pursh, R, mvltif ora Thnnh.f R. nutkana Presl. (?), R. nut- 
kana hispida Femald, R, rubiginosa L., R, rugosa Thunb., R. setigera 
Michx., R, setigera tomentosa Torr. and Gray, R. spinosissima L., 
R. sweginzowi Koehne, R. wichuraiana Crop., and R. woodsi lindl. 
Examples of commercial rose varieties that may be attacked are 
White Maman Cochet (tea), Dora Stober, Hadley, and Von Scharn- 
horst (hybrid teas), J. B. Clark (hybrid perpetual). Crimson Globe, 
Henri Martin (moss), Wartburg (Mnltiflora), Superba (Setigera), 
Alida Lovett, Climbing American Beauty, Dorothy Perkins, Dr. W. 
Van Fleet, Eisenach, Excelsa, Purity, Silver Moon, Sodenia, Valentin 
Beaulieu (hybrid Wichuraianas), Hanson's Yellow (Austrian hybrid), 
and York and Lancaster (damask). Most or all of the roses here 
named and many others seem to offer little resistance to infection 
by the pathogene of the disease. Examples of severely diseased 
growth of jR. chinensisj R. gentilianay and Rosa sp., var. Dr. W. Van 
Fleet are shown in Figure 1, B, and Plates 1 and 2, respectively. It 
is notable that in a large rose garden in England, visited by Westcott 
and the writer in August, 1930, in no case were the ramblers affected, 
although the disease was prevalent on near-by bush roses — hybrid 
teas and probably teas. 

THE DISEASE 

NAME 

Cobb {10, opposite p. 646), in 1903, published an illustration of a 
rose leaf affected by the disease discussed herein, labeling it “ anthrac- 
nose of the rose" {10, Misc. Pub. 666, p, 96). In the (uscussion {10, 
p. however, the disease was not called anthracnose " 

but ^^blackspot" and was clearly distinguished from the rose disease 
caused by Diplocarpon rosae Wolf, ordinarily referred to as black- 
spot, but called by Cobb ‘‘star-shaped leaf spot," Although Halsted 
{15, 16, 17) had previously assigned the name “rose anthracnose" to 
a rose disease, this disease, as recently explained {25), is apparently 
of unknown identity. The term as employed by Cobb is here adopted 
to designate the disease under investigation. 

HISTORY AND RANGE 

The known range of rose anthracnose includes most European 
countries, as well as China, Japan (including Chosen), Australia, 
Africa, South America, Canada, and the United States. Although 
occurring in practically every continent of the world, the disease, 
apparently reported heretofore only on rose leaves, has generally 
escaped notice or has been confused with other rose diseases, partic- 
ularly blackspot. It has been observed chiefly on the cultivated 
rose, but it also affects roses growing wild. The only available 
record of the disease as observed in China and the earliest records of 
it as observed in Europe and North America concern its occurrence 
on wild roses. 

Passerini's * report of the disease in Italy in 1881, consisting only 
of a brief characterization of the leaf spot and the fungus associated 
with it, is the earliest available record of rose anthracnose as a dis- 
tinct disease. As thus distinguished by Passerini, the disease was 
later reported in Australia, in New South Wales by Cobb {10, p, 

* FABSXBINI, a. XBBABtO CBITTOGAMlOO ITAUAHO. SCT. 2, No. 1092. MUan, 1881. 
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1063-1065) and in Victoria by Grieve (IM; in Japan by Nambtl 
(35); in Russia by Iwanoff (M, p. 100), Jaczewski (22, p, 394), and 
Siemaszko (40, p. 32); and in Germany by Allescher® (2, p, 13), 
Diedicke (12, p. 92-93), Flachs (14), and Pape (37a). 

As the writer has explained in another paper (27), Italian mycol- 
ogists seem to have diagnosed this rose disease as bramble (Rubus) 
anthracnose and to have treated these two diseases and others of like 


nature, including anthracnose of apple (Malus sylvestris Mill.) and 
pear (Pyrus communis L.), as one and the same disease. None refer 
to the report of the disease by Passerini.^ The three diseases just 
mentioned, i. e., anthracnose of rose, of bramble, and of apple and 
pear, are considered by the writer to be distinct diseases, although 
they resemble one another closely. Some comparisons of their patho- 
genes are given in a later section. 

Additional records of the disease in Europe, in some cases earlier 
than those already published, are afforded by mycological specimens 
from Austria, Czechoslovakia, England, ana Germany, and by the 
presence of anthracnose lesions on phanerogamic specimens from 
France, Germany, Switzerland, Finland, and Scandinavia, as well as 
by the diagnosis of the disease on roses from Germany (30), Spain 
( 44 ), and Ireland,® recently intercepted by plant quarantine inspectors. 

The oldest mycological specimens at hand showing leaf spot due 
to rose anthracnose are those from Austria,® Czechoslovakia (Bohe- 
mia).*® and Germany.** In the first two the leaf lesions wore con- 
fused. with a leaf spot due to Septoria *^ and in the third, apparently, 
with blackspot.*® 

The phanerogamic specimen from Germany*^ referred to above 
was collected in the same year as the mycological specimen. The 
phanerogamic specimens from France, seen in the herbarium of the 
Royal Botanic Gardens, Kew, England, are of particular interest, 
as they constitute ^he earliest known record of the disease. They 
bear no date but were identified by F. W. Wallroth in 1828 as varieties 
of “Bosa scandens,^^ i. e., arvensis B, ovata” and “rf. leucochreaJ^ 


In 1902 Briosi (7, p. 313) reported a rose disease from Meaux, France, 
that is probably rose anthracnose. The disease was observed on 
garden roses in other parts of France by Burkholder in 1927, and by 
White and by Dodge in 1930. Dodge states that roses at the National 
Horticultural School at Versailles were severely diseased. Burk- 
holder in 1930 also observed the disease in Geneva, Switzerland. 
The occurrence of the disease in Portugal is established by specimens 
of rose leaves from Portalegre, showing typical anthracnose lesions, 
recently received through the courtesy of MathUde Bensadde. 


« Oberammergau» Germany^ September, 1901, A. Allescher. Stdow, H. mtcothbca geiimanica. 
Fasc. 1, No. 36 (4;8, p. B19). In the mycological ooHections of the Bureau of Plant Industry as PhyUo^icta 
rosarum Pass. 

7 Op. clt. (See footnote 6.) 

» Op. cit. (See footnote 3.) 

< Austria, summer 1871, F. de Thdmen. ThCubn, F. db. fungi austbiaci. No. 660, Century 6, Dres- 
den, 1872. In the Mycological Collections of the Bureau of Plant Industry as Septoria rosae Desm. f. rotae- 
eaninae Thuem. 

wTeplite, Bohemia, autumn, 1873, de Thttmen. ThOmbn, F. db. fungi austbiaci. No. 1198, Cen- 
tury 1% Dresden, 1874. In Mycological Collections, Dlyision of Mycology and Disease Survey, Bureau 
of Plant Industry, U. S. Department of Agriculture, as Ateoehyta roaarum Lib. f. centifoHae Thuem. 
Aemkyta rotoarum Lib.- (7) Septoria rosae Desm. (gg, ». S.p. W. 

n Wiesbaden, Germany, Sept. 1873, P. Magnus. IdentiflcKl as Aiteroma rosos Lib. ("•Actinonema rosae 
herbarium, Charles Peck, Albany State Museum, Albany, N. Y, 
clt. (See footnotes 9 and 10.) 

» Op. cit. (See footnote 11.) 

^Jma^euiaris Undl. Milnden, Hanover, Ato 38; July 14, 1873. H. Zabel, 68. In herbarium, 
Arnold ArbCFetum, Harvard tlniver^y, Jamaioa Plaiii, Mass. 
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Anthraenose lesions are present on a number of phanerogamic 
specimens of rose from China preserved in the United States and in 
England; as, for example, on Rosa brunoni Lindl. collected by E. H. 
Wilson, in 1918,^* and on a specimen of R. acicuiaru Lindl.’® that 
he collected in Chosen. 

As already stated, rose anthraenose was observed in August, 1930, 
by Westcott and by the writer in a large rose garden in England. 
It was also found at Harpenden by Westcott and in a number of 
other rose plantings in England by the writer. So far as could be 
learned, the disease had not previously been recognized there as 
rose anthraenose. Two specimens from that countiy, however, 
preserved in the herbarium at Kew, were diagnosed by Wakefield 
as affected by bramble anthraenose. One of these, dated October, 
1926, was from Suffolk County, the other, dated a month later, was 
from Reading, having been collected there by Buddin, who sent it 
to Wakefield. At the department of botany, British Museiun (Nat- 
ural History), London, the writer saw one other specimen of anthrac- 
nosed rose leaves from England. These had been collected by Rams- 
bottom at Littleharnpton, in 1928. The disease had not been defi- 
nitely determined, although Ramsbottorn had distinguished it from 
blackspot due to Diplocarpon rosae^ as others in England had called it. 

Relative to the occurrence of rose anthraenose in Africa, Rams- 
bottom has told the writer that when he was in that country recently 
he saw roses unmistakably affected by this disease at Cape Town, 
Union of South Africa; Bulawayo, Southern Rhodesia; and Nairobi, 
Kenya. The occurrence of the disease in South America was ascer- 
tained tlirough Ar'gentine specimens rer’ently sent by Marchionatto. 
These specimens also served to verify the writer^s assumption that 
the disease wliich Marchionatto {33 j p. 11-13) had earlier reported 
as possibly Halsted^s rose anthraenose is Cobb^s rose anthraenose. 

The occurrence of rose anthraenose in Canada is established by 
the presence of lesions on phanerogamic specimens of Rosa lucida 
Elirh.’^ and R. humilis Marsh.^® from New Brunswick and Quebec, 
respectively. 

In the United States, rose anthraenose is known to occur in Maine, 
Massachusetts, Connecticut, New York, New Jersey, Pennsylvania, 
Maryland, Virginia, North Carolina, Florida, Micliigan, Texas, and 
Oregon. Doubtless it is still more widely distributed. In none of 
the few mycological herbarium specimens available from this country 
is the leaf spot recognized as that of rose anthraenose. The earliest 
of these, hitherto undetermined, is from Florida, dated 1893.’® 
Other, and in most cases earlier, records are afforded by phanerogamic 
specimens on which are lesions of the disease. The earliest is dated 

Jfi Western Szechwan, 1908, E. H. Wilson, 1125. In herbarium, Arnold Arboretum, Harvard University, 
Jamaica Plain, Mass. 

“ Korea (now Chosen), August, 1917, E. H. Wilson, 8920. In herbarium, Arnold Arboretum, Harvard 
University, Jamaica Plain, Mass. 

Campobello Island, July, 1886, Harry Edwards. In herbarium. New York Botanic Garden, New 
York. 

“ East Cape, Coffin Island, Aug. 17, 1912, M. L. Femald, Bayard Long, Harold St. John. No. 7671, 
OF THE MAODALSNA ISLANDS, ouBBSC. In Gray herbarium and herbarium of Arnold Arboretum, 
Harvard University, Cambridge and Jamaica Plain, Mass. 

Boaa sp. (cult.). Lake City, Pla., November, 1893, P. H. Rolfs. Ex herbarium, Florida Agricultural 
Collie, Gainesville, Fla. 
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1869.“ In 1918 Massey observed the disease on the Dr. W. Van 
Fleet rose in the test gardens of the Arlington Experiment Farm at 
Rosslyn, Va., and on this and other roses m the test gardens of the 
American Rose Society, at Ithaca, N. Y. He diagnosed the disease 
as bramble anthracnose. 


ECONOMIC IMPORTANCE 

Although rose anthracnose has been observed chiefly on cultivated 
roses, little information is available concerning its economic impor- 
tance. This is due partly to its having been confused with other rose 
diseases. The writer has not made an extensive survey of rose 
nurseries in this country to determine whether or not the disease 
is present in them. It was not found in the eastern nurseries visited 
in the autumn of 1931 . However, in the collection of wild roses in the 
botanical gardens and arboretum of the University of Michigan, at 
Ann Arbor, it is considered of such importance that measures have 
been taken for its control. As observed by Westcott and the writer 
in the test gardens at Ithaca, N. Y., the disease has not been prevalent 
during the early part of the growing season, but by late summer it has 
been present on many varieties, b^oth bedding roses and climbers. 
Anthracnose lesions were usually found to occur on phanerogamic 
specimens showing fruit and not on those showing blooms. 

Cobb (10 f p. 1063) states that ‘Hhe disease appears at all seasons’^ 
in ^‘the greater part of New South Wales.^^ He recently told the 
writer that it was serious when he was there in 1903, and specimens 
from Churchward and from Waterhouse, sent at the request of Har- 
rison, show evidence of somewhat the same condition there at present. 
Nambti (85) states that in Japan the disease may be so severe as to 
kill the plants, and Marchionatto (33, p, 13) reports that in Argentina 
it is a veritable enemy of the rose. It is said that the lower leaves on 
the plant are more severely affected than the upper (10, p. 1064; 
and that diseased leaves become yellowed (10, p. 1063; 33, p. 12) as 
well as spotted and may fall away prematurely (33, p, 12). Similar 
injury ascribed by Heala and Wolf (18, p. 88) to Cercospora leaf spot 
may indicate the presence of rose anthracnose; certainly, lesions of 
this disease occur on rose leaves which those investigators diagnosed 
as affected by the Cercospora disease. 

SYMPTOMS 
Leaf Spot 

In describing the leaf spot, Cobb (10, p, 1063-1064) states that this — 

is characterized by the appearance on the leaflets of dark spots varying in size but 
seldom more than a quarter of an inch across, except by the amalgamation of 
several that have originated near each other. The normal form of the spots is 
circular, and the first indication of their presence is the loss of the normal green 
color of the leaflet at the place where the future Black Spot'^ vdll appear. 


M Bo9a Carolina L., Betblehemt Fa., June, 1809, A. F. Erout. In herbarium, Philadelphia Botanical 
Club, Philadelphia Academy of Natural Scienoes, Philadelphia, Pa. 

Rosa oirginiana Mill, (wiemally identified as R. Carolina) , Simdy Hook,N. J., October, 1807, Alex. Mao- 
Elwee. In herbarium, Philadelphia Botanical Club, Philadelphia Academy of Natural Sciences, Phila- 
delphia, Pa. 

iresa canina, Jamaica Plain, Mass., Aug. 17, 1888. Ex herbadum, C. and E. Faxon. In Oray herbarium, 
Harvard University, Cambridge, Mass. 

,Ro8a imtkawR Astoria, Oreg., Aug. 31, 1898, F. V. CovUle, 889. In XJ. S. National Herbarium, Wash- 
ington, H. C. 

Branham, Tex., June, 1909, F. D. Heald and F. A. Wolf, 1456 (/«, ». 88). In Mycologloal Collections, 
jJlvisiQiii of Mycology and Disease Survey, Bureau of Plant Industry, XT. 6. Department of Agriculture. 
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Sections through onthracnose lesions: A and On leaf of Dr. W. Van Fleet rose; C, on stem of 
Hasa Tubiginosa: C, a, acervulus. A, X 140; B, X 230; C, X 60. Material from test gardens of 
the American Hose Society, at Ithaca, N. Y., sent by westcott, August, 1928. Photomicro- 
graphs by M. L. F. Foubert 




Anthracnose lesions on leaf of Crimson Globe rose: A, Upper side; B, lower side (X about 1 J^); 
enlargement of lesion at A, a (X 22); C, o, mass of Comotbeciunuike oonidia presumably of 
the patnqgene: D-G, sections of A, a (X 380); D, a, rupturecl cuticle; T). d, and £. a, subcuticular 


possibly conidla or storage material, or 




by J. F. Brewer 


tmlike conidia, apparently^of the 
focus. Material i 
y., autumn, 1925. _ 
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* ♦ ♦ From this small beginning the spot iocreases iti size until it reaches the 
dimensions described above, changing colour meanwhile through dark brown or 
purple to almost black. Not infrequently single leaflet bears a score of these 
spots * * *. At last these spots turn white or at least ash coloured, at the 
centre, and this is an indication that the fungus which is causing the disease is 
about to fructify ♦ ♦ ♦. 

Descriptions of the leaf spot by other investigators (22, p. 894; 33 , 
p. 12; 85) agree in all essential particulars with that of Cobb. Mar- 
chionatto {88 , p, 12) also mentions the yellowing of affected leaves. 
This discoloration may consist of a mixture of red and yellow, or it 
may be red shading later to brown, a rather common symptom of the 
disease. (Fig. 1, B.) The follow- 
ing additional observations of leaf 
lesions have been made by the 
writer : 

Lesions may occur on any part 
of the leaf, including midrib and 
veins (fig. 1 ; pis. 1 and 2, B-E) 
and may be thickened as in the 
closely related disease known as 
scab of citrus (^, 11) (pi. 3, A 
and B). They are usually visi- 
ble on both leaf surfaces. (PI. 

4, A and B.) Lesions are often 
‘^dark purplish black above 
and are sometimes bordered by a 
narrow band of ‘‘dull livid brown,” 
which is often their color below. 

Their white or ashen coloration 
results from a lifting of the cuticle 
(pi. 4, D, a) or from the etiolation 
of the leaf tissue (pi. 4, F and G) 
on the surface where the fungus 
first gained entrance, usually the 
upper surface. Lesions may fall 
away beneath, leaving only a thin 
papery membrane that ruptures 
easily (pi. 1, a ) ; they may become 
perforated at the center (pi. 4, C); 
or they may fall out entirely, pro- 
ducing the appearance of shot 
holes. In addition, affected leaves may become distorted and ragged 
at the margins. (Fig. 1, C, and pi. 2, B.) 

Stem Canker 

Stem lesions or cankers (pis. 2, A, and 3, C, and fig 2, A) are con- 
siderably smaller than the leaf spot. They are generally circular, or 
elongate with the longer diameter parallel with the stem axis. 
Usually they are raised, and sometimes depressed at the center. 
(Fig. 2, A.) Often they are “dull livid brown,” becoming white or 
ashen at the center. They are seldom more than 2 millimeters across, 
although by confluence they may be larger and also noticeably 


« Names of colors In quotation marks are according to the following authority: Kidoway, R. color 
STANDARDS AND COLOR KOMSNCLATVRK. 43 p., lUus. Washington, D. 0. 1912. 



Figure 2. —A, Cankers of rose anthracnose on stem 
of Hoaa ruhiginom, Ithaca, N. Y. This stem had 
been disinfected in mercuric chloride(l: 1,000), rinsed 
in sterile water, and kept for 18 days on the surface 
of a test-tube slant of agar medium, during which 
period yellowish-green colonies of the pathogene 
(a and 6) developed from two of the lesions, one 
colony (6) having reached the agar surface. B, 
Growth of the pathogene from young anthracnose 
spots on leaf from Oraf Zeppelin specimen, kept 
for a days in a moist charaber. All X 6. Photo- 
graphs fay M. L. F. Foubert 
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irregular in outline. In general aspect, cankers of this disease, which 
affects thorns as well as other parts of the cane, are suggestive of 
initial-infection lesions of brown canker {23, 2Ji), although they do 
not enlarge later into more or less extensive capers as do imtial- 
infection lesions of brown canker. Some roses highly susceptible to 
infection by the pathogene of the former disease, however, are 
^ affected little or not at all by the path- 

^ % ogene of the latter. Examples are Rosa 

C3> ^ rugosa, R. wichuraiana, and the hybrid 

Wichuraianas, Dr. W. Van Fleet and 
Silver Moon. 

Lesions on Blossoms 

Lesions on the inflorescence observed 
on hips and pedicels resemble stem le- 
sions; those on calyx lobes, leaf lesions. 
Petals are probably affected, but lesions 
on them have not been definitely diag- 
nosed. 

THE FUNGUS 

MORPHOLOGY 



->X^OO 


ng. llL*-SporM of PhyUonHeta lUmnim 
PMt.,tbecAiiMOf the Block Spot of the 
Rom. The timple, emoo^, colourlee«, 
hllipiotj^ ipom, meaeuring 6‘-7‘2 x 
Olid ovoffofriiur 6*S-2’d/u* ot^ 
home in minute block, nearly ophericol 
peritheeio, about 1(W4 in dlatiieter, 
nvhlch are mrtly burled in the epidemile 
of the dead tiwue of roee leavee in the 
midet of more orkM droular spotx found 


u • The perfect stage of the pathogene of 

on the upper eurfOue of the attacked v 

leavee. and chometerued by adiotinctiy rose authracnose has not been reported. 
oSW^S^efy." Passerini “ gives only a brief description 

of the imperfect stage. In sending 
leaves of Rosa chinensis affected by an- 
thracnose to this country in 1926 (pi. 2, 
A), K. Goto wrote that the light yel- 
lowish-brown acervuli of the pathogene 
measured from 28m to 130m in diameter; 
the conidiophores, 7,7m to 14m by 2.3m to 
3m; and the conidia, 6.9m to 7.4m by 2.8m 
to 5.5m. I'or corresponding structures 
essentially the same measurements were 
made by Passerini.*^ Cobb (10, legend 
jor Figure 111, here reproduced in Figure 
3), Marchionatto {33, p. 13) and Nambfi 
{33) seem to have followed Passerini^® in 
applying to the acervulus of the fungus the term ^‘perithecium,^* signi- 
fying pycnidium. It should also be noted here that Saccardo {39, p. 388) 
referred to the acervulus in this fungus as a young pycnidium. He 
.did this in citing Landau's {32, p. 352) reproduction of what is Figure 
C of Von Tubeufs drawing as published by Allescher {2, p, 13, 84) 
(fig. 4); he did not cite the illustrations by Cobb herein mentioned 
and, in part, reproduced in Figure 3. So far as the writer has been 
able to determine, the fructification referred to above is an acervulus 
typical of the form genus Sphaceloma {3), which through its further 
development may become a sporodochium. (PL 5, C.) Acervuli 
may be scarcely visible even when examined under a hand lens (see 


colonred or nearly white oeiitro, tiir* 
rouiKled by brown, pur))lo, and black. 


003G)8 

0 00 M 


fiff* 118.— Sporoeof the BUck Spot of the 
Rose, PhyUottkta romrunh obtained 
from the surface of the leavM, and 
mounted in water and drawn at once. 
It will' be noted that theM spores are 
smaller than thoM produced in a 
water.cultttre shown in Fig. 111. 

Figure 3.— Drawings of Phyltoslicta ro- 
iarum, with accompanying legends, as 
published by Cobb (10) in 1903 


Op. oit. (See footnote 6.) 
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PathoKene of rose anthracnose. A, Prominent acervuli on leaf lesion from specimen collected at 
Orono, Me., Octol)er, 1900, by P. Spaulding (herbarium of P. Spaulding, No. 209), X 22. 
B, Section of A, a, acer vulus; 6, conidlophores still confined to epidermal cells In which they grew. 
X 380. C, Section of a leaf lesion shown in Figure 3, A; a, sporodochial growth of the fungus; 
d, hyphae passing from lower part of sporodochlum, between and beneath epidermal c*ell.s. 
X 200. D. Section corresponding to Plate 4, F, showlM additional C^oniotbeciumlike eonidia, 
presumably of the rose-anthracnose fungus. X 380. E and F, 7-day-old water cultures from 
eonidia sown in drops of water on glass slides, kept at rwm temperature and^now ^rmmatw 


„„„„ .a drops o ^ 

(E) or in a refrigerator and now greatly swollen ( BO . X 380. 


Photographs by M. L. F. Foubert 





Sept. 15, 193ik 


Rose Anthrdcnose Caused by Sphaceloma 


329 


pi. 4, C), but they may be fairly prominent (pi. 5, A, and fig. 5) and 
somewhat concentrically arranged (fig. 5). 

Plates 4 and 5 show on rose leaves subcuticular (pi. 4, D, 6, and 
E, a) and intraepidermal hyaline hyphae (pi. 4, E, 6), colored acervuli 
(pi. 4, F, a, and G, a and 6, and pi. 5, B, a and 5), and Coniotheciuin- 
like conidia presumed to be those of the pathogene (pi. 4, F, 6, and 
pi. 5, D), as well as spherical granules (pi. 4, E, c) interpreted as pos- 
sibly conidia or storage substances, or both, produced in the epidermal 
cells shown in Plate 4, E. There are also shown germinated (pi. 5, 
E) and greatly swollen (pi. 5, F) conidia producing sprout conidia. 
These represent 7-day-old water cultures kept at room temperature 



PhyllostictaBoBarum Passer, a. Bin Bl&ttchen mit dem 
Pilze in natUrlicher Grdsse. K Bin einzelner Plecken etwas 
Tergrdssert, e. Bin FmchtgeMnse noch von der Bpidermis 
bedeckt, von der Seite, mit einigen ausgetretenen Sporen. 
d. Bine einzelne sehr vei^gtdsserte Spore, b u. c stark, d nooh 
nehr veigri^rt Kach der Katar von Dr. v. Tnbeuf gezdchnet. 

Figxjr® 4.— Von Tubeuf’s drawings of Phylloiticta rosarum^ with accom- 
panying legend, as published byAllcscher % p. JS, 84 ) in 1808 

(pl. 5, E) and in a refrigerator (pi. 5, F). The germinated and greatly 
swollen conidia are those originally sown in these cultures. 

NAME, CLASSIFICATION, AND IDENTITY 

Passerini ** described as Phyllosticta rosarum the pathogene of the 
disease to which Cobb later applied the term *^rose anthracnose.’' 
Passerini^s description of the fungus was based on leaves of the cul- 
tivated rose collected at Vigheffio, near Parma, Italy The writer 
has seen these specimens at the laboratories of cryptogamic botany, 
Harvard University, Cambridge, Mass.; the New York Botanic 
Garden, New York, N. Y. (fig. 6); the department of botany, British 
Museum (Natural History), London, England; and the botanical 


^ Op. cit. (See footnote 6.) 
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department, University of Edinburgh, Edinburgh, Scotland. In all 
cases the leaf spot is typical of rose anthracnose. A fragment of the 
specimen at the New York Botanic Garden, obtained for microscopic 
comparison, showed fruiting bodies identical with those here illus- 
trated. 

As previously stated, the pathogene of this disease has not only 
been identified as Phyllosticta rosarum but has also been treated {27) 
as identical with Elsinoe veneta (Speg.) Jenkins, which causes bramble 
anthracnose, and with E. piri (Wor.) Jenkins, which causes apple and 
pear anthracnose. For the present, however, these three organisms 



Figure 6.— Pathowne of rose anthracnose. Aoervull to more or less conoentrio arrangement on 
upper surface of tesion on Silver Moon rose. From test gardens of the American Kose^clety. at 
Ithaca, N. Y., August, 1031. X about 20, Photograph by M. L. F. Foubert 


are treated as distinct, as are the three anthracnose diseases that 
they cause. Since no perfect stage of the rose fungus has yet been 
found and since its imperfect stage as known is typical of Sphaceloma 
rather than of Phyllosticta, the fun^s is here transferred to the 
former genus as Sphacdoma rosarum (Pass.), n. comb. 

In several monographic treatments of the genus Phyllosticta (2; 
82; 38, V. 10, p, 100-188) the species under discussion is included, 
and in one {2, p, 84) it is emplo;fed to illustrate the characteristics of 
that||enus. Moreover Phyllosticta rosarum, i. e., Sphacdoma rosarum, 
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has been treated as identical with Phyllosticta rosae Desm. (29 ^ p. 4 I 6 ) 
by Von Hohnel (jfP, p. 135-136)^ but this is evidently another ningus. 
Von Hohnel (19 , p, 136) has also expressed the opinion that Passerini^s 
type material, referred to in the previous section, is actually Phrag- 
midium subcorticinum (Schrank) Wint. This is not surprising, since 



FiflUiiE d.—PhyUosticta roaarum on leaves of cultivated rose collected by Passerinl at 
Viffhefflo, Italy. (Passsrini, G. srbabio crittooamico italiano, Ser. 2, No. 1092. 

Milan, 1881.) Ex herbarium, New York Botanic Garden. A and B, Upper leaf surface; 

C, lower leaf surface. X 1. Photograph contributed by F. J. Seaver 

purple leaf lesions due to rose rust may resemble closely those of rose 
anthracnose, although the readily recognized rust pustules serve to 
distinguish the two diseases. Ciferri^s (^, p. 40 ) report of Phyllo- 
sticta rosarum on rose apparently relates to some other rose fungus. 
Sphaceloma rosarum has been confused with still other rose fungi, 
including Diploearpon rosae, as already mentioned. 



332 


Journal qf Agricvltural Research 


Vol. 45, No. 6 


ISOLATIONS AND CULTURAL CHARACTERISTICS 

Cultures of Sphaceloma rosarum on potato-dextrose agar (pi. 6, 
A~C) represent platings from conidia developed on the Orqf Zeppelin 
specimen. (Fig. 2, B.) The week-old colonies (pi. 6, A and B) were 
grown at room temperature, and the 3-weeks-old colonies (C) were 
grown in a refrigerator. The younger colonies were just becom- 
ing reddish; the older, viewed through the reverse of the Petri dish, 
were '4iver brown,” verging on ^^black.” Individual colonies from 
the week-old cultures were transferred to test-tube slants of potato- 
dextrose agar, one colony to each test tube. At 4 weeks of age these 
cultures resembled that shown in Plate 6, H, which represents a sub- 
culture from this set of cultures. Their coloration was then a mixture 
of “gray” to ^^dull purplish black” at the center, bordered by 
“maroon,” with the surrounding medium “light vinaceous cinnamon.” 
Tvpical cultures selected after four months are shown in Plate 6, D. 
They were then “fuscous black” mingled with “olivaceous black” 
with the deep crevices and bordering parts, as well as the surrounding 
medium, “bone-brown.” The S-weeks-old parallel cultures shown 
in Plate 6, E-H, represent the following isolations: H, a subculture 
from the set of cultures shown in Plate 6, D; F, a subculture from 
one of the colonies shown in Figure 2, A; E, an isolation from the 
Dr. W. Van Fleet rose, made in 1923 by Massey {28 y footnote 2); 
and G, an isolation from the same variety made in 1928 by the 
writer. The culture shown in Plate 6, E, represents the pulvinate 
type of growth in tliis fungus and the cultures shown at D and at 
F to H, represent the convolute type. The occurrence of these types 
of growth in the genus Sphaceloma has been discussed in a previous 
paper (26), with the explanation that they have been observed in 
cultures on carrot, Molisch^s, and potato-dextrose-agar media. 

Cultures of Sphaceloma rosarum, Ekinoe piri, and E. veneta grown 
under similar condition^ are shown in Plate 7. Vertical columns 1, 
2, and 3 represent, respectively, potato-dextrose, beef, and corn- 
meal agar media. These cultures were grown at room temperature 
and for the most part in the dark. Plate 7 shows the pulvinate type 
of growth in S, rosarum (A, d-f), in E, piri (B, a-c), and in E, veneta 
(C, a~c). The convolute type in E. piri is not included in this com- 
parison, but, allowing for slight differences, would resemble that of 
S, rosarum (A, a-c) and E. veneta (C, d~j). It will be observed 
that on the three media here represented any one isolation is 
distinguishable from the others and that those of the same type of 
growth resemble each other closely. In other sets of parallel cultures 
the isolations have varied somewhat in appearance from those here 
shown, but in each set the individual isolations have been separable ; 
and thus far, whether convolute or pulvinate, each has maintained 
its characteristic type of growth. On potato-dextrose agar the 
convolute cultures were much darker and of a more uniform color, 
in general “dull purplish black,” than the pulvinate cultures, which 
were variegated and lighter in tone. The cultures on beef agar were 
of a browmsh coloration except that shown in A, e, which was notice- 
ably lighter than the others. The yeJIowish-rgreen chromogenesis 
reported by Osterwalder {SB) in E, pvri had been seen in this species 
as grown, for example, on corn-meal, glycerin, and potato-dextrose 
agar media. The same chromc^enesis occurs in the isolation from 
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Crimson Globe and in a few other isolations, from both rose and 
brambles, made by the writer. As a rule, however, the coloration 
imparted to the media by these organisms is a pinkisn or reddish 
hue, sometimes “madder-red.” This coloration was present to a 
greater or less degree throughout the media in all the cultures shown 
in Plate 7, vertical column 3, where the crescent-shaped discolora- 
tion beneath the colonies in B, c; C, c and/, is also due to this chromo- 
genesis. As is often the case with old cultures of Sphaceloma, conidia 
are probably absent or sparse in all or most of the cultures shown in 
Plates 6 and 7. They were abundant in the cultures illustrated in 
Figure 2, A, a and 6, and B. 

In young cultures grown in parallel, conidia of Elsinoe piri were 
definitely smaller than those of E. veneta. No conidia could be found 
in a culture of Sphaceloma rosarum included in the same comparison. 
Harris, comparing conidia of this species from a rose stem canker 
with those of E, veneta taken directly from its bramble host, found 
them of nearly the same size; i. e., those of the rose fungus measured 
5.9/1 by 3.1/i and those of the bramble, 6.5/i by 3.0/i, while cultures 
of the two were practically' indistinguishable. The material of the 
rose fungus studied by Harris was taken from that sent to Wakefield 
by Buddin in 1926 (p. 65). This culture, not now living, was 
isolated by Wakefield; and the other culture, from brambles in 
England, was made by R. C. Harris. The conidia of E, piri referred 
to were from the isolation of this fungus from the Portuguese speci- 
mens of diseased apples contributed by Bensaiide (27); those of the 
parallel culture of E. veneta^ from the isolation of that fungus shown 
in Plate 1, C, d f. 

ASSOCIATED FUNGI 

Associated with Sphaceloma rosarum^ there has been found an 
Alternaria, as first noted by Massey and later by the writer, and also a 
yeastlike imperfect fungus and an ascomycete. The yeastlike 
fungus is probably similar to that Avhich Stoneman (^/, p. 77) found 
associated with Gloeosporinm veneium, if not identical with it, and is 
possibly to be classified in the genus Phymato trichum («5, p, J 16) as 
typified by F. gemellum Bon. (»5, p. llGyfig. lt^S)j although not in this 
genus as emended by Duggar (13), It is certainly of the same form 
genus as P, yaccarum Oud. (37, p. 392-394) figs, 7-10) and various 
similar fungi, including a fungus apparently causing a rose blight, 
reported by the present writer as Potyspora ? sp.^® and a “Dematium- 
like” fungus said to cause a blight of cherry (Prunus) (10, Misc. 
Pub, 666, p, 109-112, figs. 122, a; 123, a~d; 124; l^^)- The ascomycete 
on one occasion found in association with S, rosarum is identified as 
Pringsheimm sepincola (Fr.) Hohn. (20, p. 97). It may be noted that 
according to the synonymy given in the reference just cited Sphaeru- 
Una intermixta Berk, and Br. should be the same fungus. The 
writer was unable to demonstrate for the former ascomycete the 
'^Dematium pvUulans^^ which Brefeld (6, pL 7, figs, 47-50) claimed 
that he obtained when he grew cultures of the latter from ascospores. 

*« Martin, Q. H. diseases of forest and shade trees, ornamentai, and miscellaneous plants 
IN THE UNITED STATES IN 1924. Uc S. Dept. Agr., Buf. Plant Indus. Plant Disease Rptr. Sup. 42 (p. 362). 
380 p. 1926. [Mimeographed.] 
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PATHOGENICITY 

That Sphaceloma rosarum is the cause of rose anthracnose was 
proved by artificial inoculations made imder greenhouse conditions 
at Ithaca, N. Y., on March 15, 1927. The plants inoculated were the 
Dr. W. Van Fleet rose, propagated in a greenhouse at Washington, 
D. C., by the Division of Gardens and Grounds, Bureau of Plant 
Industry, United States Department of Argiculture. The inoculum 
was a several-weeks-old potato-dextrose-agar culture of the isolation 
from Rosa gentiliana shown in Plate 7, A, a-c. Small masses of the 
culture, crushed and moistened in water, were forced between the 
closely folded halves of young leaflets, so that the fungus came in 
contact only or mostly with the upper leaf surface. Each of five 
leaflets so inoculated was wrapped in small pieces of cotton saturated 
with water; then the entire leaf, together with part of the stem from 
which it grew, was loosely wrapped in waxed paper. The coverings 
were removed after 48 hours. Except for the absence of inoculum, 
the five leaflets serving as checks were treated in the same manner as 
those inoculated. 

On March 27, reddish lesions less than a millimeter in diameter 
had developed on the upper surface of the leaflets inoculated. These 
lesions when examined on April 2, had enlarged somewhat; a few 
S showed whitish centers, and some had become visible also on the lower 
surface. Microscopic examination revealed the presence of the 
fungus in the lesions, and in reisolation cultures only growth of this 
fungus developed. The cultures were made by disinfecting in mercuric 
chloride (1:1,000) entire leaflets or parts of leaflets bearing lesions, 
rinsing them in sterile water, and transferring them to potato- 
dextrose-agar slants. 

The rose plants used in the experiment just described were later 
inoculated with a culture of Elsinoe veneta^ but in this instance 
there was no evidence ofinfection. Purplish blotches appeared within 
a day or so on the inoculated leaves but were not typical of rose 
anthracnose, and no organism was reisolated from them. Essentially 
the same results were obtained when, likewise under greenhouse 
conditions, tender leaves of young seedling apple trees were inocu- 
lated with a cultural growth of E. venetay as well as of Sphaceloma 
from unrelated hosts. The inoculated leaves were left on the trees, 
and after a time the discoloration entirely disappeared. In this 
connection Alexander's (f , p, 71 y 72) inoculations with Oloeosporium 
venetum Speg., i. e., E. veneta, should be noted. He states (f, p. 71) 
that under ^^very * * * humid conditions^' this organism 

'^produced a slight lesion on Opuntia inermis after 48 hours," and 
(7, p. 72) that it produced a ^‘considerable amount of rot" on apple 
fruits “within 24 hours." He does not report reisolations from 
either prickly pear or apple, nor does he explain whether this decay 
occurred on the apples inoculated by inserting the pure culture into 
the tissue with a needle or on those sprayed with conidia, or on both. 

CONTROL 

The only control measures known to have been reported for rose 
antibracnose are those by Cobb (70, p. 1064-1066) and Marchionatto 
(SS, jp. IS). The former advises the removal and destruction of 
affeeited parts and, where the disease is severe, spraying with Bordeaux 
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mixture ; the latter recommends sprayii^ with this fungicide or with 
ammoniacal copper carbonate as the disease appears. From Naito 
it was learned that in Japan the disease is controlled by spraying with 
Bordeaux mixture. During the last few years, Erlanson, following the 
suggestion of the present writer, controlled the disease in the wild-rose 
garden at the University of Michigan botanical gardens and arboretum 
at Ann Arbor by spraying the roses with lime-sulphur before the leaf 
buds opened and wdth Bordeaux mixture after the leaves had de- 
veloped. This is an adaptation of the recommendations given by 
Bennett {4) for the control of bramble anthracnose in Michigan. 

SUMMARY 

Rose anthracnose has been confused with a number of other rose 
diseases, and for this reason has not been generally recognized as a 
distinct disease. It is of considerable economic importance, affecting 
many rose species and varieties and including in its range the United 
States, Canada, Argentina, eTapan, China, New South Wales, most 
European countries, and Africa. Its occurrence in France in 1828 
and in the United States in 1869 is reported. The pathogene, Phyllo- 
sticta rosarurrif described by Passerini on the basis of material that he 
collected in Italy in 1881, is here transferred to the genus Sphaceloma 
as S. rosarum (Pass.), n. comb. Morphological and cultupl char- 
acteristics of the fungus are given, together with proof of its being 
the cause of rose anthracnose. Fungi associated with S. rosarum are 
mentioned, symptoms of the disease described, and the available 
information pertaining to its control is summarized. 
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A BACTERIAL DISEASE OF THE TUNG-OIL TREE^ 

By Lucia McCulloch, Associate Paihologisiy and J. B. Demarbe, Pathologist^ 

Division of Horticultural Crops and Diseases^ Bureau of Plant Industry^ United 

States Department of Agriculture 

INTRODUCTION 

A bacterial leaf spot of the tung-oil or wood-oil tree {Aleurites Jordi 
Hemsl.) was observed by Boyd^ in several localities in southern 
Georgia in 1929. The first specimens of diseased leaves received by 
the senior writer were collected by Doctor Boyd October 25, 1929, 
from a nursery in southwestern Georgia. Infected leaves of the same 
season^s growth were collected later by the junior writer. Numerous 
petiole and stem lesions on material from Georgia have also been 
examined, but so far no microscopic evidence of bacteria has been 
found in these, and efforts to isolate bacteria have been unsuccessful. 

In 1930 and 1931 this bacterial disease was either absent or so slight 
as to escape observation. This freedom from the disease may have 
been due to the unusually dry weather during the growing seasons in 
the sections where the tung-oil trees are grown. In the numerous 
collections made in the field at various times during the seasons of 
1930 and 1931 no typical leaf lesions were found. Cultures were made 
from all suspicious spots in these collections, but the characteristic 
pathogene was not found. The distribution of the disease is not well 
known, nor is the amount of damage it is capable of causing. During 
periods of moist, hot weather, especially with wind and rain to dis- 
tribute the bacteria, the disease may become serious. According to 
Boyd,^ infection occurs on trees of all ages but is more likely to be 
destructive to the 1-year-old and 2-year-old stock. 

In March, 1931, the senior writer examined several orchards in the 
vicinity of Gainesville, Fla., but found no evidence of the disease on 
either the new leaves or the dry, fallen leaves of the previous year’s 
growth. 

THE DISEASE 

The following description of the disease is based on naturally in- 
fected leaves collected in Georgia and on artificially infected green- 
house plants in Washington, D. C. 

The general appearance of infected leaves is shown in Figures 1 
and 2. Mature, isolated lesions are distinctly angular in shape and 
are dark brown to black (‘‘bister,” “sepia” to “mummy brown 
on the upper surface and somewhat lighter in color on the lower sur- 
face. A definite narrow border darker than the center is usually 
noted, and a wide, indefinitely margined, yellowish halo surrounds 


^ Received for publication Feb. 17, 1932; issued October, 1932. The investigation herein reported was 
originally plannee! by the senior writer in collaboration with O. C. Boyd, a collaborator of the Department 
of Agriculture, formerly at ThomasviUe, Qa., now extension plant pathologist of the Massachusetts State 
College. In accordance with a suggestion made by Doctor Boyd when he left Georgia, the work was carried 
out in collaboration with the jumor writer, who was stationed at ThomasviUe. 

> Born, O. C. A BACTERIAL DISEASE OF TUNO^oiL TREE. (Pathological Note) Phytopathology 20: 756- 
758, iUus. 1930. 

» BOTD, O. C. Op. clt. 

* The color readings in this paper are based on the following publication: Ridgway, R. color standards 
and color nomenclature. 43 p., iUus. Washington, D. 0. 1912. 
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very active infections. Under average conditions the progress of the 
infection is soon checked by the larger leaf veins, resulti^ in the for- 
mation of isolated angular lesions, 1 to 20 mm wide. The infected 
tissues are dull, dry, and opaque, often shriveling and cracking; 
there is no exudate. Infections are first evident as small, greenish, 
translucent spots, which soon become brown, opaque, and angular. 
The active advance of the infection is marked by a translucent 
border, which is lost when a vein becomes the boundary line. Only 



Figure l.— Typical lesions on leaf of tung*oIl tree, artificially infected. X H 


occasional mature lesions have translucent margins. When condi- 
tions are unusually favorable for the parasite, the infection spreads 
rapidly over large areas regardless of veins. (Fig. 3.) Lesions occur 
on all parts of the leaf blade; they are usually wefl distributed but are 
most numerous in areas where moisture is most abundant. The vas- 
cular system is not invaded, but veins within a lesion are dry and 
distorted. 

Infections, which enter through the stomata,® are often extensive 
enough to cause the destruction of the entire leaf. 

« stomata are fairly namerotia (8fi to 40 to the sqtiare toilHmeter) on the lower leaf surface of 
/oraf. On the upper surface there are from 0 to 7 stomata to a square millimeter, and these few are located 
§lonf the larger veins. 
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Tlie bacteria are abundant in the lesions and are easily isolated by 
the usual methods. wSeveral isolations were made from the naturally 
infected leaves of the two collections of 1929, and numerous isolations 
have been made from leaves artificially infected. Dead, fallen leaves 
bearing numerous typical lesions were collected from a Georgia 
orchard in February, 1930. These leaves had probably been on the 
ground since October. Typical infectious bacteria were isolated from 



Figure 2.— Leaf of tung oil tree, four days after inoculation. Plants held at 28® to 32® C. and 
sprayed with water twice each day. X H 

these old leaves as late as April, 1930. Isolation tests in May, 1930, 
from these old leaves were not successful. 

Small tung-oil trees were secured from Florida and established in 
a greenhouse in Washington, D, C,; a number of others were grown 
from seed. All the plants grew rapidly and, except when inoculated, 
remained free from disease. 

The first inoculations were made in May, 1930, on 2-year-old trees, 
with subcultures of the bacteria isolated in November, 1929, from the 
leaves from Georgia. Bacteria from agar-slant cultures were sus- 
pended in water and sprayed on the plants, which were then placed in 
a moist inoculation chamber for 24 hours. Infection was evident in 
3 to 4 days, and characteristic spots of good size developed in 6 to 8 
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days at a temperature of 28® to 32® C. From these induced lesions 
pure-culture reisolations, made May 14, 1930, were used on May 19, 
1930, to inoculate tung-oil leaves, which were successfully infected* 
Numerous other inoculations in 1930 and 1931 have consistently 
produced the characteristic infection. 

Infection was most active when the plants were kept in a moist 
atmosphere for 24 to 48 hours. A moderate amount of moisture 



FXQUBB 3.-~Leaf of tung-oil tree, showing large areas infected under unusually favorable conditions 

of moisture. X H 


seems necessary for the production of large lesions. If the moisture 
is excessive, so that a him of water is retained on the leaves for hours, 
the infection is more intensive and, instead of isolated angular lesions, 
produces wide continuous areas of browned tissue, sometimes involv- 
ing the whole leaf. Plants on the bench^ imder only the usual green- 
house conditions of moisture, were slow in showing infection, and the 
lesions were usually small. 

Successful infections were secured by the junior writer in the field 
from inoculations made with two different strains of the bacteria; 
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One of these strains was isolated in March, 1930, from old weather- 
beaten tung-oil leaves from a Georgia orchard; the other was a 
reisolation from bean leaves infected with the tung-oil bacteria. 
These field inoculations were made in Georgia in 1931 during a period 
of dry weather, and the resulting lesions were small and rather slow 
in developing. 

No infections have been secured on petioles or on stems of the 
inoculated tung-oil plants, either by means of needle-prick wounds or 
bruising, or by keeping the inoculated areas moist for several days. 

The castor-bean (Kicinus communis L.), a plant related to the 
tung-oil tree, on which a bacterial leaf spot has been reported/ was 
inoculated with the tung-oil organism under the same conditions of 
temperature and moisture as were the tung-oil plants. Infection 
occurred as leaf spots and occasionally as an interior rot of the hollow 
petioles. The infection was slow in developing, and leaf spots were 
never numerous. Leaf spots on RicinOs are pale yellow or light 
brown, irregularly circular, and mostly small, though a few spots 
reach 10 mm in diameter. The tissue lining the hollow stalk was 
blackened, while the exterior remained normal in appearance. Isola- 
tions from leaf and petiole infections of Ricinus were secured, and 
these when tested on tung-oil leaves produced the original type of 
infection. The characters of the bacterium previously reported ^ as 
causing a leaf spot on Ricinus are quite unlike those of the bacterium 
described in the present study. 

The bacteria causing the lesions on the tung-oil leaves have charac- 
ters very similar to those of some known pathogenes of beans. It 
was at first thought that the disease had spread from some legume 
used as a cover crop in the orchards. However, cultural studies and 
comparisons showed that the tung-oil organism differed from all those 
described from the legumes. It is possible that the infection spread 
from a bacterial disease of some wild or cultivated plant growing in 
the vicinity of the tung-oil orchards. 

Five varieties of beans (Red Kidney, Bountiful, Giant Stringless 
Green Pod, Black Valentine, and Refugee) are very susceptible to 
the tung-oil bacteria. When sprayed with the bacterial suspension, 
leaves of these varieties quickly dfeveloped isolated spots and large 
areas of thin, transparent tissue. Veins in the infected parts or 
adjoining them became bright reddish brown, the discoloration often 
extending a considerable distance beyond the leaf lesion and even 
into the petiole. The leaves were usually so seriously damaged that 
they fell in a few days. The slight vascular invasion in the leaf 
tissue did not extend into the stem; and, except in cases of direct con- 
tact, the infection did not spread to leaves other than those inoculated. 
When tested by inoculation on the tung-oil leaves, reisolations from 
all these bean infections proved that the infections were due to the 
tung-oil organism. 

Tobacco plants were inoculated several times, but no infections 
resulted. 

• Yoshi, H., and Takimoto, S. (bactbrui leaf blight of castob bean.] BySchd-Oai Zasshi (Jour. 
Plant Protect.) [Tokyo] 16:12-18. 1928. [In Japanese.] 

’ Yobhi, H., and Takimoto, S. Op. oit. 
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THE PATHOGENE 

MORPHOLOGY 

When grown on beef-infusion media 24 to 48 hours at 26° to 28° C., 
the causal organism is a rod with rounded ends, 1.1 to 3^ long by 
0.6 to 0.7/i wide, its usual size being 1.8 by 0.7^. It occurs singly, 
in pairs, or in short chains. It is motile by means of 1 to 5 polar or, 
rarely, bipolar flagella. Capsules are present. No spores have been 
founa. The organism is Gram-negative; not acid-fast. It stains 
readily with the usual bacterial stains. 

CULTURAL CHARACTERS 

Beef-agar plates.* — On beef agar, under favorable conditions, colonies 1 mm 
in diameter appear in 24 hours. In two days well-isolated colonies are 1 to 4 mm 
wide, increasing in six days to 7 to 8 mm wide. At first white, or rather like 
boiled starch, and translucent, they soon become greenish white and transparent. 
They are smooth, shining, flat, mostly circular with an entire margin, occasionally 
becoming crenate to lobed. The interior is definitely striated or cross-hatched 
except in small, much-crowded colonies. Frequently a zone of pure white occurs 
at, or just within, the margin. Large colonies occasionally show 1 to 3 widely 
separated concentric markings. Bacteria isolated from young vigorous lesions 
often produce large, lobed colonies; otherwise the colonies from old lesions (2 to 
7 months old) and from young lesions are alike. Submerged colonies are opaque, 
white, oval to spindle shaped. The medium is greened and has an unusual, 
rather sweetish odor. 

Beef-agar slants. — Growth is thin, white, transparent, sometimes slightly 
viscid. The agar greens promptly. Numerous tiny crystals form on the slanted 
surface, and long, slender, needle-shaped crystals extend into the agar at right 
angles to the slant. 

Beef-agar stabs. — There is a moderate surface growth, greenish white. 
Growth occurs only in the upper few millimeters of the stab. In 6-months-old 
cultures numerous, short, rodlike crystals are present, uniformly distributed 
throughout the agar. 

Beef-broth. — A heavy, white, surface growth forms within 24 hours. This 
powth, at first tender and easily dissolved, is renewed after each disturbance, 
increasing in density until, after four to five days, it is more like a true pellicle. 
In undisturbed cultures, clouding below the surface is slow in developing. Nar- 
row white rims are sometimes present. The sediment is whitish, translucent, 
rising in a spiral when rotated and dissolving easily. Greening of the broth 
begins at the surface and is complete in four to six days. Cultures four to eight 
weeks old have uniform clouding and no pellicle or rim. Clouding persists for 
four to five months. 

Potato cylinders. — A rather scanty growth, smooth, dull yellowish white, 
develops on potato. The potato and the water are slightly browned. 

Thaxtbr’s potato-dextrose agar. — On this medium the growth is heavier 
than on beef agar and almost brown in the thicker parts. 

Corn-meal agar. — No growth occurs on this medium. 

Cohn's solution. — Growth in Cohn’s solution with a pH of 6.2 is prompt 
and as good or better than in beef broth. There is a heavy surface growth, with 
numerous tiny floating crystals. Undisturbed cultures show horizontal bands of 
clouding, the heaviest at the top. The clouding and the production of surface 
crystals persist for weeks. There is a moderate, white sediment over a layer 
of tiny crystals. The medium becomes slightly green or pale straw color. 

Uschinsky’s solution. — There is a fairly heavy surface growth in 24 hours, and 
heavy, tender white pellicles in two days. Clouding becomes uniform by the 
tenth day. A fine blue-green fluorescence develops. 


I Unless otherwise noted, the beef media used were made with beef infusion and peptone and had a pH 
value of 6.8 to 7.0. Cultures were grown at room temperature. 
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PHYSIOLOGIC CHARACTERS 

Liquefaction of beef gelatin. — Well-isolated colonies in poured plates arc 
3 to 8 mm wide in six to seven days. They have a rather thick, slightly elevated, 
central area of granular to mottled structure, surrounded by a wide, very thin 
border, irregularly and often deeply lobed. Colonies are greenish white and trans- 
parent. In stab cultures there is good surface growth. There was no trace of 
liquefaction in plate or tube cultures held for eiglit weeks at 18° to 20° C. 

Liquefaction of blood serum. — Very scanty growth develops, and there is 
no clearing and no liquefaction. 

Production of ammonia. — Ammonia production is very slight in a peptone- 
glucose dipotassium phosphate medium, and apparently absent in other media. 

Production of hydrogen sulphide. — Lead acetate paper suspended over cul- 
tures of various media indicates a very slight production of hydrogen sulphide. 

Production of indol. — Cultures eight days old in 2 per cent peptone solu- 
tion give a positive reaction for indol about one-half as strong as the check cul- 
tures of Bacillus coli communis. 

Toleration of sodium chloride. — In beef broth containing 1 to 2 per cent 
sodium chloride the bacteria grow readily. With 3 per cent sodium chloride the 
growth is considerably retarded, and very slight growth occurs in a 5 per cent 
solution. 

Hydrolysis of starch. — On starch-agar plates streaked with the organism, 
an area 7 to 10 mm wide beyond the growth is cleared within 10 days. In potato 
cylinders there is very little evidence of starch destruction. 

Relation to free oxygen. — In solid media the growth occurs only at or very 
near the surface. There is no growth in the closed ends of fermentation tubes or 
on inoculated surfaces so covered as to exclude air. 

Reaction in milk. — There is no separation of the milk, but old cultures (five 
to eight weeks old) are very slightly less opaque than the controls. There is a 
slight color change to cream-buff, or even a lighter color, and evaporation rims 
of chamois. Oil globules are deep rose pink. Litmus milk is blued. The endive 
blue to Dutch blue in 3-day-old cultures gradually deepens to dark ^^reen blue 
gray and then to slate gray in cultures three to six months old. There is a slight, 
fugitive reduction of the litmus in the lower third of the tubes. In one lot of 
medium containing less than the usual amount of litmus there occurred a practi- 
cally complete reduction, lasting for 24 to 48 hours. There is a small amount of 
white sediment. Oil globules are deep rose to red. 

Methylene blub in milk. — In two days the lower half of the tubes shows 
reduction and in five days the reduction is complete. The color returns within 
three weeks. In some tests there was a second reduction, followed by another 
return of color slightly greener than the controls. 

Reduction op nitrate. — A decided nitrate reduction is evident in cultures 
9 days old and a stronger reaction in cultures 12 to 18 days old, when the a-naph- 
thylamine sulphanilic acid test is used. Parallel cultures tested with starch 
potassium iodide, and sulphuric acid show no nitrite reaction. 

Fermentation of carbohydrates. — Various sugars and alcohols were tested 
for fermentation. The carbohydrates w^ere added to a synthetic agar made 
according to the formula in the Manual of Methods ® with brom cresol purple for 
the indicator. Growth and acid reactions were prompt from dextrose, galactose, 
glycerin, and mannite, the yellow color extending to the base of the slants in 24 
hours. No growth and no color change occurred in saccharose, lactose, or malt- 
ose. Results were identical in five different tests. 

With the same series of carbohydrates in fermentation tubes (same medium 
base but lacking agar) acid was evident in 24 hours from dextrose, galactose, and 
mannite. Glycerin show^ed acid reaction in two days. A few saccharose cultures 
showed slight growth and yellow color on the sixth day and others on the tenth 
day. After 16 days, growth and yellow color were observed in some of the maltose 
and lactose cultures. Cultural tests proved that these were pure cultures of the 
tung-oil organism. No gas was formed from any of these carbohydrates in the 
fermentation-tube cultures, and clouding was confined to the open ends of the 
tubes. 

Toleration op acid and alkali. — ^In beef broths ranging from pH 6.2 to 9.2 
clouding occurs within 24 hours at pH 6.6 to 8.8, but is heaviest at pH 6.2 to 6.8. 
In two days there is slight growth at pH 8.9 and in five days at pH 5.4. In 


'Society or Amsbican Bactebiolooists, Cohmitteb on Bactebiolooical Technique, manual 
or METHODS FOB TUBE CULTUBE STUDY OF BACTEKIA. 48 p,, lllUS, Geneva, N. Y. 1028. 

itt The fermentation tubes were steamed on three successive days. The agar tubes were sterilized under 
pressure. 
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Cohn^s solution with a pH of 5.2 the organism makes a prompt, almost heavy 
growth. 

Resistance to desiccation. —Bacteria from young beef-broth cultures were 
dried at room temperature on sterile cover glasses. At least a few bacteria 
survived for five weeks, but after drying for two days the majority of the covers 
failed to produce growth. The bacteria were alive in lesions on tung-oil leaves 
kept dry at room temperatures for four months. Bacteria in leaves lying on the 
ground in the orchard from the time of defoliation, October (?) , until February of 
the following year retained vitality and pathogenicity until April. 

Vitality in cultuke media. — In beef media and in Cohn’s solution the 
bacteria remain alive at least 11 months. 

Temperature relations. —The best growth takes place between 27° and 28° 
C. At 10° to 12° beef broth clouded well in 48 hours. At 37° a very scanty 
growth, in the form of small isolated colonies on beef agar, appeared after two 
weeks. No growth was evident in liquid media at 37°. At 37.5 there "was no 
sign of growth, but the organism remained alive for at least 14 days. At 35° 
moderate growth occured in 24 hours and increased until by the sixth day the 
clouding was heavy. These cultures remained alive at 35° for at least 48 days. 
The thermal death point is 52°. Here again there is an uneven resistance. Some 
cultures held at 48°, 49°, 50°, and 51° for 10 minutes failed to grow, and occa- 
sionally those held at 52° clouded. There was never any growth in the tests 
at 53°. 

TECHNICAL DESCRIPTION 

Bacterium aleuritidis, n. sp. 

A motile rod 1.1 to 3m long by 0.6 to 0.7m wide; 1 to 5 polar flagella, rarely 
bipolar; capsules present; no spores; Gram-negative; not acid-fast; colonies on 
beef agar are circular to slightly lobed, white, translucent, becoming greenish 
white and transparent. Clouds beef bouillon and forms a pellicle; gelatin not liq- 
uefied; produces a green fluorescence in all beef media; blood serum not cleared 
or liquefied; moderate diastatic Action; acid without gas readily produced from 
dextrose, galactose, glycerin, and mannite; growdh and production of acid slow 
from saccharose, lactose, and maltose; reduces nitrates; produces indol, ammonia, 
and hydrogeri sulphide in slight amounts; aerobic; trace of peptonization of milk; 
litmus in milk shows a slight, fugitive reduction; litmus blues and remains blue. 
Excellent growth in Cohn’s solution. Grows best at pH 6.2 to 6.8; irregular resist- 
ance to heat and desiccation ; a few organisms survive cover-glass drying for five 
weeks; in herbarium leaf specimens and in dead leaves in the orchards the bacteria 
survive for at least four months. The optimum temperature for growth is 27° to 
28° C., maximum temperature 87°. Dark brown, angular spots are produced on 
the leaves of the tung-oil tree {Aleurites fordi). Moderate infection is produced 
on the leaves of castor-bean {Ricinus communis) ^ and serious infection on at 
least five varieties of beans {Phaseolus sp.). 

Specimens of tung-oil leaves with lesions produced by this organism have been 
deposited in the patholo^cal and mycological collections of the Bureau of Plant 
Industry, United States Department of Agriculture. 

SUMMARY 

A bacterial disease of the timg-oil tree {Aleurites fordi Hemsl.), as 
yet reported only from Georgia, produces brown, angular spots on the 
leaves. Defoliation results when considerable leaf tissue is affected. 
Moisture and heat favor the occurrence and spread of the disease. 
The bacteria probably remain alive and infectious in the lesions of 
fallen leaves in the orchards until new leaves appear the following 
spring. Such leaves are doubtless a factor in the recurrence of the 
disease. The causal bacteria have been isolated and used to produce 

S )ical lesions on tung-oil leaves. The bacteria are only slightly 
ectious on leaves of castor bean {Ricinus communis L.) . On several 
varieties of bean {Phaseolus sp.) the infections due to these bacteria 
were very severe. 

A description is given of the morphologic, cultural, and physiologic 
characters of the pathogene, for which the name Bacterium aleuritidis 
is proposed. 



DETECTING PINK BOLLWORMS IN COTTONSEEDS BY 
THE X RAY^ 


By F. A. Fenton, Senior Entomologist^ Division of Cotton Insects, Bureau of 
Entomology, United States Department of Agriculture, and Willis W. Waite, 
Director, Southwestern Biological Laboratories, in cooperation with the Texas 
Agricultural Experiment Station 

In studying the hibernation of the pink boll worm, Pectinophora 
goHf^ypiella Saund., and in comparing the effects of different combi- 
nations of plowing and irrigation as control measures for this insect, 
it has been necessary to examine hundreds of dry cotton bolls and cut 
thousands of seeds in order to determine mortality percentages. 
Owing to the extreme hardness of cottonseed this was extremely slow 
and tedious work. An effort was made, therefore, to discover a more 
rapid and efficient method of seed examination. Several samples 
were examined by means of a fluoroscope in a darkened ropm, l)ut 
this procedure was not found effective. It was then suggested that 
an X-ray photograph might show the live worms inside of the seed. 
Although this operation would be too expensive for regular use witli 
the limited number of seeds to be examined, it was of interest to deter- 
mine the possibilities of the method. Several exposures were made 
of both delinted and undelinted ginned seed, as well as of locks of 
cotton with the seeds in their normal position. It was found possible 
to detect immediately the presence of live or dead larvae within the 
seed. The results were so striking that the method seems well worth 
recording. 

As previously stated, delinted seed, seed direct from the gin, or seed 
with the cotton attached can be used. Ginned seed is just as good as 
delinted seed and eliminates the work of delinting. Unginned seed 
occupies too much room on the film, and inasmuch as seeds in the 
cotton are often superimposed upon one another, it may be impossible 
to get a clear picture of all of them. 

The seeds are best put out in rows, one layer deep, over the film. 
The rows may be close together and the seeds in the rows may touch 
one another. With tliis arrangement the film can be examined easily, 
and it is possible to coimt both the infested and the imperfect seeds. 

If it is desirable to check up the bad seeds found in the film, the 
seeds should be placed on some sort of a channel or cover over the 
film so that the film can be removed without disturbing the seeds. A 
film mounted in a cardboard holder is sufficient. Intensifying screens 
are unnecessary. Very little exposure is needed, so any sort of X-ray 
machine is suitable for making the pictures. With a little experience 
just the right exposure can be determined. 


1 Received for publication Feb. 1, 1932; Issued October, 1932. 
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The examination of the film is aided by the use of a good hand lens. 
The perfect seeds show up well, without defects. The imperfect seeds 
and infested seeds are not so easily distinguished, since many imper- 
fect seeds are in this condition because the worms have bored into 
them. In other seeds the worms are dead and shriveled. The live 
worms give a fairly characteristic picture, and after a little study and 
checking of the film with actual examination of the seed, one soon 
becomes familiar with their appearance (pi. 1) so that it is sufficient 
to rely on the picture alone for their detection. 

It is possible to photograph a thousand seeds at once, and it takes 
only a few minutes to arrange the seeds and make the exposure. By 
having plenty of films ready a large number of photographs can bo 
taken in a short time. These films can then be developed and kept 
as a permanent record. 





x-ray photograph of cottonseeds, showing two (in white circles) infested with live pink bollwornis 
and tw'o (in black) infested with dead worms 






THE EFFECT OF THE DEGREE OF SLOPE ON RUN-OFF 
AND SOIL EROSION > 


By F. L. Duley, Professor of Soils, and O. E. Hays, Graduate Assistant in Soils, 
Department of Agronomy, Kansas Agricultural Experiment Station 

INTRODUCTION 

The degree of slope of land has long been considered one of the 
major factors governing the amount of run-off and soil erosion. Few 
attempts, however, have been made to establish even the most simple 
mathematical relationships between the degree of slope of land and 
the amount of run-off and erosion. While at the university of 
Missouri, the senior author, in collaboration with Prof. M. F. Miller,^ 
reported the results of erosion measurements begun in 1917 on a 3.68 
per cent slope. In 1924 additional plots were installed on a 6 per 
cent and on an 8.25 per cent slope. 

The work on these plots, involving three slopes, has been con- 
tinued at the Missouri station, and a preliminary report has been 
made by Miller.® The chief difficulty encountered in this typo of 
study is that when slopes of different degrees and in somewhat sepa- 
rated locations are chosen, the soil profiles are not identical. The 
surface soils also are likely to be widely different in absorbing power 
since they have developed under a different set of conditions. In 
the work reported in the present paper two methods have been used 
for determining the effect of slope on the amount of run-off and ero- 
sion, in which attempts have been made to eliminate the soil varia- 
tions referred to above. 

METHODS 

LABORATORY TESTS 

One of the two methods may be termed a laboratory method. A 
galvanized-iron tank 24 inches wide, 28 inches deep, and 10 feet long 
was surrounded by heavy framework, as shown in Figure 1. This 
method was somewhat similar to that reported by Lowdermilk ^ for 
studying certain questions in connection with forest soils. A silty 
clay loam soil with a fairly heavy clay subsoil from the agronomy 
farm was removed in 6-inch layers from a plot exactly the same size 
as the tank. The soil was placed in the tank in the same order as it 
existed in the field and was carefully tamped in until it occupied the 
same volume as it did in the field, before putting in the soil a 2-inch 
layer of sand was placed in the bottom of the tank to provide thor- 
ough underdrainage, and the excess water was removed through a 
small drainage tube. The sides of the tank extended 2 inches above 
the surface of the soil, except at one end where the iron was turned 


1 Reived for publication Jan. 19, 1932, l8.sued October, 1932. Contribution No. 214 Department of Agron- 
omy, Kansas Agricultural Experiment Station. 

> Dulby, F. L., and Milleb, M, F. erosion and surface runoff under different soil conditions. 
Missouri Agr. E^t. Sta. Research Bui. 63, 50 p., illus. 1923. 

> Miller, M. F. erosion as a factor in soil determination. Science (n. s.) 73: [79H3. 1931. 

< Lowdebmiijc, W. C. influence of forest litter on run-off, percolation, and erosion. Jour. 
Forestry 28: 474-491, Ulus. 1930. 
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do\>m level with the soil to permit run-off. When complete this tank 
equipment with soil and water weighed about 2.5 tons. 

Differences in slope of the soil surface in the tank were obtained by 
raising one end by means of jackscrews or a differential hoist. A slope 
of about 20 per cent was as much as it was found possible to give this 



FiatjRE 1.— Tank filled with soil and used In greenhouse to determine the efifect of slope of the 
soil on run-off and soil erosion. By raising one end of the tank any desired degree of slope may 
be obtained 

block of soil without throwing undue strain on the tank and frame- 
work. A later test, however, was made with a 40 per cent slope. 

FIELD TESTS 

A second method of determining the effect of slope on run-off and 
erosion was earned out in the field. In this work an attempt was 
m^de to eliminate soil variation by using plots placed at different 
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angles on the same slope. By properly placing the plots, slopes 
varying from 0° to the maximum slope of the hillside can be obtained. 
This method is illustrated in Figure 2. 

The plot was surrounded by strips of galvanized iron sot in the 
ground to depths of about 8 inches. The iron extended about 2 
inches above ground, and the upper edge was turned to prevent bend- 
ing. At the lower end the edge was turned down about 2 inches until 
the top was on a level with the soil surface, and the narrow apron thus 
formed turned down into a small metal gutter which was used for 
carrying the nm-off water and eroded soil into a bucket. 

The plots were then leveled crosswise so that there was a slope in 
only one direction, and the slope lengthwise the plot was made 
uniform by carefully checking with a line. Some objection might be 
raised to this leveling process, but fairly deep soils were chosen so 
that the change in depth of surface soil would not be great and the 



Fiqubs 2.~Flots located at dltlerent angles on a hillside to obtain different degrees of slope on the 
same soil. The iron frame used to surround the plots has been removed 


subsoil would not be disturbed. Since the plot used was only 34.85 
inches wide, it was necessary to transfer only a small amount of soil 
from the upper to the lower side in order to make the surface level 
crosswise of the plot. The soil was then spaded to a uniform depth 
and carefully worked on the surface with a hoe and garden rake so 
that the amount of loose soil was the same over the entire plot. Care 
was taken that there were no holes or loose places which would cause 
irregular settling or uneven absorption of water. 

Water was applied to the soil by means of a spinkling can. The 
rate of application was carefully timed so that any desired rate of 
rainfall could be imitated. Several mechanical methods of applying 
water by means of sprinklers were tried, but it was foimd that, if 
carefully used, the sprinkling-can method was the most satisfactory. 

The run-oflf water and eroded soil were collected and weighed, and 
samples were taken for determining the amount of eroded soil. 
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EXPERIMENTAL RESULTS 

TANK EXPERIMENTS 
Effect of Slope on Ritn-off 

The tank of soil was thoroughly soaked with water before any 
measurements were made. This was done so that the results from 
different slopes would be comparable. The water was then applied 
at the rate of 1 inch an hour. By carefully timing the application, it 
was possible to keep an almost constant application of water. The 
amounts of run-off and erosion were first determined for a zero slope, 
or level land. The slope was then increased and the water and soil 
loss determined. The results of four sets of determinations are shown 
in Table 1 . The average of the four determinations have been plotted 
on a curve. (Fig. 3.) The most significant thing about these results. 



as indicated by the curve, is the very rapid rise in the rate of run-off 
as the slope is increased from 0 to 2 per cent, followed by a more 
gradual rise to between 3 and 4 per cent. After this there is a ver}’- 
much slower rise in the curve. These results seem to indicate that 
on level land there may be a considerable amount of run-off, but 
when there is a slight slope the water is less hampered by the very 
slight depressions and runs off in much greater amounts before it can 
be absorbed; that is, it will not be held on the land much longer than 
the duration of the rain. With a still further increase in slope, the 
increase in run-off becomes relatively less because the water on any 
slope is running over the land for the entire duration of the rain and 
thus time is afforded for absorption. Any run-off that may be taking 
place at the end of the rain will cease within a short time whether 
the slope is slight or steep. 
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Table 1. — Effect of slope of tank on run-off water from surface of soil 
[Water applied at rate of l inch an hour; size of tank 2 by 10 feet] 


Slope 

Quantity of run-off water 

Average 

run-on 

Jan. 25, 
1931 

Jan. 31, 
1931 

Feb. 21, 
1931 

Fob. 28, 
1931 

A verage 

Per cent 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Per cent 

0 

38. l 


20.4 

47.2 

35.2 

33. 85 

1 

.57.8 

R2.2 

45.8 

70. .5 

56.5 

54.33 

2 

61. H 

65.9 

59.5 

76.8 

66.0 

63. 47 

4 

“72.0 

70.5 

62.8 

81.2 

71.6 

68.86 

6 

80 8 

62.3 

72.7 



71.9 

69. 15 

8 

83.3 

70.7 1 

74.7 


76.2 

73. 28 

10 

82 3 

72.6 

76.3 

81.5 

78.2 

75. 21 

15 



, . 

86.8 

86.8 

1 83. 48 

20 

-- - 



89.9 

89.9 

86. 45 


“ 4.16 per cent slope. 


Effect of Slope on Soil Ehorion 




An examination of Table 2 and Figure 4 will show that the effect 
of slope on erosion is almost opposite to that on run-off*. The amount 
of soil removed in- 
creased very slowly as 
the slope was increased 
up to about 3 or 4 per 
cent. Then with in- 
creasing slope there 
was a very rapid rise 
in the amount of soil 
removed. This shows 
that with only a very 
low gradient when the 
water runs at a rela- 
tively slow rate, the 
soil is not picked up, 
and the water flows 
away without carry- 
ing much soil, except 
the lighter particles; 
but when the slope is 
increased, the water 
runs faster, and even 
though the average 
depth may be less, a 
far greater amount of 
soil is removed. The 
number of pounds of 
water required to re- 
move 1 pound of soil 





csy/rj 

Figure 4.-~Relation between the degree of soil slope and the 
(luantity of soil eroded from silty clay loam soil in the tank in 
the greenhouse. Dots show average actual values 

decreases rapidly with increasing slope, as shown by Table 2. In a 
few cases the 0 and 1 per cent grades required a smaller amount of 
water to remove a pound of soil than did the next higher grades. 
Further tests are needed to establish this point definitely. 

140573—32 3 
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In the fall of 1931 the tank was filled with sandy loam with a 
sandy subsoil from the soil near St. George, Kans., where the field 
tests were made. The soil was thoroughly soaked with water so 
that drainage was taking place from the bottom before the readings 
were started. This made it possible to have the soil in approximately 
a uniform condition during the time the readings were being made 
for the various slopes. On November 2 water was applied equivalent 
to 1 inch an hour. One week later another set of readings was made. 
At this time the water was applied at the rate of 1 inch in 30 minutes. 
Tables 3 and 4 give the results obtained. 

Table 2. — Soil eroded (jiounds) from silty clay loam in greenhouse tank at different 

percentages of slope 
{Water applied at rate of 1 inoh an hour] 


Slope 

Soil eroded 

Run-oll 
required to 
remove 1 
pound of 
soil 

Jan. 24, 
1931 

Jan. 31, 
1931 

Feb. 21, 
1931 

Feb. 28, 
1931 

A verage 

Per acre 

Per cent 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

0 

0.037 


0.0^7 

0.038 

0. 064 

117.6 

651 

1 

.090 

0.429 

.287 

,266 

.267 

681,5 

211 

2 

.103 

.276 

. IM 

. 160 

. 180 

392. 0 

367 

4 

«.238 

. 166 

. 171 

.559 

.283 

616.4 

263 

6 

.687 

.260 

.722 


.623 

1, 139. 1 

137 

8 

1.269 

1.002 

1.259 


1.176 

2,661.3 

66 

10 

1.289 

3.064 

1.761 

^602 i 

2.151 

4,684.6 

36 

16 




3. 691 ! 

3. 691 

7,821.2 

24 

20 




5.565 

5. 566 

12, 122. 7 

16 


•* 4.16 per cent slope. 


Table 3. — Soil eroded and run’-off from sandy loam in greenhouse tartk at different 
percentages of slope, November 2, 1931 
[Wator applied==:l inch in ono hour] 


Slope 

Soil eroded— 

Run-off 

water 

Run-off re- 
quired to 
remove 1 
pound of 
soil 

Per plot 

Per acre 

Per cent 

Pounds 

Pounds 

Pounds 

Per cent 

Pounds 

0.5 

0.0897 

195.4 

71.09 

68.36 

792.5 

2.0 

,0519 

113.1 

73.62 

70.80 

1,417.4 

4.0 

,0880 

191.6 1 

78.74 

7,5. 73 

895. 1 

8.0 

.4559 

993.0 

81.63 

78.41 

178.8 

16.0 

11. 659 

25,176.5 

81.74 

78. 61 

7.07 


Table 4. — Soil eroded and run-off from sandy loam in greenhouse tank at different 
percentages of slope, November 7, 1931 
[Water appliedE=l inch in 30 minutes] 


Slope 

Soil eroded— 

Hun-off 

water 

Run-off re- 
quired to 
remove 1 
pound of 
soU 

Per plot 

Per acre 

Per cent 

Pounds 

Pounds 

Pounds 

Per cent 

Pounds 

0.5 

0.1643 

857. 8 ‘ 

86.11 

82.81 

524.1 

2.0 

.2138 

465. 7 

93.06 

89.52 

435.3 

4.0 

.3551 

773.4 

93,78 

90.19 

264.1 

8.0 

2.573 

5,604.0 

95.59 

91.03 

87.2 

16.0 

26.44 

57,586.3 

95.54 

91.88 

3.6 
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It may be seen from the results that the loss of soil was very low up 
to a 4 per cent slope. Even with the 8 per cent slope only a relatively 
small amount was lost when the water was applied at the rate of 1 
inch an hour. When the slope was doubled to 16 per cent, the erosion 
was increased to 25.3 times the amount eroded at 8 per cent. With 
the heavier applications of water the erosion on the 8 per cent slope 
was increased to 5.6 times the amount of erosion from the lighter 
application. When the slope was increased to 16 per cent and water 
applied at the rate of 1 inch in 30 minutes, the erosion was increased 
to 10.28 times that on the 8 per cent slope. With an application of 1 
inch of water an hour on 16 per cent grade the loss was equivalent to 
12.5 tons an acre, and with nn application of 1 inch in 30 minutes the 
loss of soil was equivalent to 28.8 tons an acre. 

The run-off from this soil was high and did not show as mucti varia- 
tion in amount as in previous tests, but did shoiv the same general 
type of curve as has been found in both tank and field tests. 

FIELD DETERMINATIONS 
Run-off from Silty Clay Loam 

The field determinations were obtained from a plot 34.85 inches 
wide and 25 feet long or one six-hundredth acre. The soil used was a 
heavy silty clay loam with a silty clay subsurface. This grades into 
a heavy clay at 12 to 14 inches. The slope was varied from 0.96 
to 5.96 per cent, which was as steep as could be obtained on this land. 
(Table 5.) The results show the same trend as did the results from 
the tank, but there was possible a variation of only about 6 per cent 
in the slope. It may be seen here as in the results from the tank that 
there is a very great increase in the run-off up to about 2 to 3 per cent. 
After this, the increase in run-off with increase in slope is much slower. 


Table 5. — Soil eroded from a 11600-acre 'plot of silty clay loam on the agronomy 
farm as related to rate of water application, percentage of slope, and run-off, 1931 


Date 

Rate of water application “ 

Slope 

Run-off water 

Soil 

eroded 

Soil 
eroded 
per acre 

Run-off 

required 

to 

remove 

1 pound 
of soil 



Per cent 

Pounds 

Per cent 

Pounds 

Pounds 

Pounds 


/I inch in 30 minutes 


1.986 

0.53 

0. 0142 

8. 51 

139 


1 inch In 1 hour 


14. 876 

3.94 

.0246 

14. 75 

604 


(1) 1 inch in 30 minutes 


174. Ill 

46. 14 

.4880 

293.11 

356 

T lO 

(2) 1 inch in 30 minutes. 


189.656 

50.26 

.4445 

266.5 

426 

J 11116 lo 

1 inch in 30 minutes 


35.046 

9.29 

.1544 

92.57 

226 


1 inch in 1 hour 

0 19 

86.000 

23.03 

.2997 

179.69 

289 


(1) 1 inch in 30 minutes. 

X. iJt 

238.966 

63. 32 

.6337 

379.93 

377 


(2) 1 inch in 30 minutes 


337. 697 

62.90 

.5026 

301.33 

472 


/I inch in 30 minutes 


69.564 

18.43 

.6352 

320. 04 

129 


1 inch in 1 hour 

0 fi 

120.852 

i 32.03 

.4472 

268. 12 

270 


(1) 1 inch in 30 minutes 

a* o 

248.646 

66.89 

.0540 

671.97 

260 

J 

(2) 1 inch in 30 minutes... 


267.006 

70. 76 

.7940 

476.04 

336 

«iuiie 17 

1 inch in 30 minutes 


77.616 

20.67 

.4838 

290.06 

160 


1 inch in 1 hour 

K QA 

128.794 

34.13 

.7064 

422. 92 

182 


Cl) 1 inch in 30 minutes 

0* Vw 

249. 152 

66.02 

1. 24n 

748.00 

199 


(2) 1 inch in 30 minutes. 


257.736 

68.30 

1.3647 

818.20 

188 


* Numbers in parentheses indicate different runs, No. 2 followed immediately after No. 1, which gave an 
application of 2 inches in 1 hour. 


A comparison of the data for different rates of application will 
show that there is a much greater run-off when water is applied 
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equivalent to heavier rainfall. This dilference is due mainly to the 
fact that the absorption of water during a water application equiva- 
lent to 1 inch an hour is approximately the same as at a 2-inch-an- 
hour rate. 

Erosion on Silty Clay Loam 

The amounts of soil lost from the plots used in these tests were in 
some instances not so consistent, especially with the lighter applica- 
tions of water, as the results from a number of other determinations. 
There were a few cases in which the amount of eroded soil did not fall 
at the expected place on the curve. The reason for these slight irregu- 
larities seems to be due to the fact that it is usually more difficult to 
get consistent results with the lower slopes and lighter rainfall because 
slight variations in the surface have a relatively greater effect than on 
the steep slopes or with heavy rainfall. The general trend of the 
results with heavier water applications on this soil, however, were 
similar to those obtained for the same slopes in the other tests. 

Rxjn-off from Sandy Loam 

A sandy soil with a sandy subsoil located north of St. George, Kans., 
9 miles east of Manhattan, was used for additional tests. The maxi- 
mum slope here was nearly 12 per cent. At the time these tests were 
made the soil was extremely dry and no run-off was obtained on the 
more gentle slopes until about 2 inches of water had been added. 
(Table 6.) These results followed very much the same trend as 
those obtained with the tank and with the soil on the agronomy farm. 
With a 2-inch application of water in 30 minutes after 3 inches had 
been applied, the increase in run-off was more rapid with the first 
increase in slope. The run-off from the steeper slopes in this case 
dropped below that of the intermediate slopes. (Table 6.) No 
satisfactory explanation can be given for this departure from the 
regular trend of this curve, but it was probably due to slight irregu- 
larities in this sandy soil on the 2 and 4 per cent slopes. 

Table 6 . — Soil eroded from a 11600-acre plot of sandy loam as related to rate of 
water application, percentage of slope, and rtin-off, St. George, Kans., July 16-17, 
19S1 


Kate of water application 

Slope 

Run-off water 

Soil 

eroded 

Soil eroded 
per acre 

Hun-off 
required 
to remove 

1 pound 
of .soil 


Per cent 

Pounds 

Per cent 

Pounds 

Pounds 

Pounds 

1 inch in 30 minutes 


(») 

(•) 


(a) 


1 inch In 1 hour — 


(a) 

(a) 


(«) 


1 inch in Sd minutes 

0.6 

0.7W 

0.21 

0.0088 

6.27 

91 

2 inches in SO minutes 


179.50 

23.78 

.2743 

164.4 

654 

•1 inch in 30 minutes 


(<*) 

(•) 

(•) 

(a) 


1 inch in 1 hour- 

2.2 

(*) 

(") 


(•) 


1 Inch in 30 minutes 

62.83 

14.00 

!o746 

44.76 

708 

2 inches in 30 minutes 


438.06 

58.04 

.4547 

272.8 

963 

1 inch In 30 minutes 



(•) 




1 inch in 1 hour 

4.08 


(•) 




1 inch in 30 minutes _ . _ _ 

68.43 

la. 13 

.2670 

160.07 

266 

2 inches In 30 minutes 


457.54 

60.49 

3.3664 

2, 018. 8 

136 

J inch in 30 minutes a 


1.18 

.31 

.0192 

11.6 

61 

1 inch in 1 hour - 

*T *fO 

2.27 

.60 

.0227 

13.6 

100 

1 inch in 30 minutes 


56.82 

15.06 

.5819 

348.9 

98 

2 inches in 30 minutes. .... .. .. . 


359. 72 

47.67 

7. 1769 

4,302.9 

50 

1 Inch in 80 minutes 


--2.80 

.74 

.2943 

176.4 

10 

1 Inch in 1 hour 

11 

8.12 

2. 15 

.3702 

221.9 

22 

1 inch In 30 minutes 

lit uD 

77.68 

20.69 

3. 9212 

2,291.0 

20 

2 inches in 80 minutesL 


365.82 

47.14 

28.881 

17,815.6 

12 


•None. 
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Erosion on Sandy Loam 

The soil eroded from the plots when water was applied heavily is 
represented in the curve in Figure 5. The type of curve obtained on 
these field plots is very similar to that obtained with the tank and 
with the silt loam soil. There is a very slow and gradual rise in the 
amount of erosion up to about 3 to 4 per cent slope, when the curve 
rises rapidly and erosion becomes exceedingly severe with very rapid 
rise in the curve at about 7 per cent slope and greater. A 2-inch rain 
falling in a 30-minute 
period caused seven 
times as much erosion 
on this soil on the 
steeper slopes and 
about thirty times as 
much on the gentle 
slopes as a 1-inch rain 
falling in the same 
time. This difference 
is due partly to the 
fact that sand grains 
are difficult to move, 
but when sufficient 
water is running over 
the surface they are 
picked up readily and 
carried down the slope . 

SOIL EROSIVENESS 

By comparing the 
amount of erosion 
shown in Table 2 with 
that in Table 3 it will 
be seen that there are 
some striking differ- 
ences in the rate of 
erosion for silty clay 
loam and sandy loam 
soils. For the lower 
slopes, 2 to 8 per cent, 
there is a much higher 
erosion from the silty 
clay loam soil. The 8 
per cent slope on the silty clay loam soil gave 158 per cent increase 
over the amount eroded from the sandy soil, whereas the 16 per cent 
slope on the sandy soil gave an increase of 222 per cent over the 
amount lost from the 15 per cent slope on the silty clay loam soil. 
Thus the relative erosiveness of the two soils was completely reversed 
simply by changing the slope of the land. 

These figures show the difiSculty of classing some soils as erosive 
and others as nonerosive on the basis of certain physical constants as 
has been attempted by Middleton.® It would appear from these 



J'lauRK 5.— Relation between the decree oi slope and the quantity of 
soil eroded from a sandy loam soil to which water w'as api)lied at the 
rate of 2 inche.s in 30 minutes after 3 inches had been applied 


* Middleton, H. £. profebties of boils which influence soil erosion. V. S. Dept. Agr. Tech. 
Bui. 178, 16 p. 1930. 
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data that erosiveness is not mereljr a specific property of the soil 
itself, but the conditions under which the erosion takes place must 
also be given consideration, Middleton found in the soils with which 
he worked that the nonerosive soils were low in sand and high in 
colloids. In the work herein reported, the relative erosiveness of a 
sandy soil has been found to depend largely on the degree of slope 
and the rate of rainfall. 

In comparing the silty clay loam with the sandy soil it will be seen 
that with the lower slopes the light soil grains may be carried away 
from the silt loam, when there is not sufficient speed to the water to 
pick up the soil particles in the sandy soil. With increase in the slope 
to 16 per cent the water flows with enough force to carry the larger 
and heavier particles from the sandy soil; consequently the erosion 

is greatly increased 
and far surpasses that 
from the silty clay 
loam soil. 

The amount of 
water required to re- 
move 1 pound of soil 
on the 8 per cent slope 
was 65 pounds for the 
silty clay loam and 
179 for the sandy 
loam, but on the 15 
per cent slope on the 
silty clay loam it re- 
quired 24 pounds, and 
on the 16 per cent 
slope on the sandy 
soil only 7 pounds of 
run-off water were 
required to remove 1 
pound of soil. 

It would therefore seem necessary to take into consideration the 
degree of slope, the rate of rainfall, and possibly other factors before 
the relative erosiveness of two soils can properly be expressed. 
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FiauRE ().— Comijarison between soU'^erosion results obtained in Kan- 
sas with artiflcial watering and those obtained as annual averages 
at Columbia, Mo., and Spur, Te.\., under natural conditions and on 
larger plots 


APPLICATION OF RESULTS 

The question naturally arises as to whether the results obtained 
by these methods on small plots with water applied artificially, can 
be applied to field conditions. Some comparisons have been made 
with results from other stations. In Figure 6 will be found a curve 
showing results from the Missouri station at Columbia reported by 
Miller.® These results give almost a straight-line curve, but this 
follows the general direction of the curve for the san«^ loam soil used 
in these tests for the same degree of slope. When differences in loca- 
tion and methods are considered, this probably could be regarded as 
a reasonably good agreement. Since in the Missouri tests only 
three points on the curve are represented, it is impossible to show 
the trend for a wide range of slope since it has been found in the 
present work with small plots that the greatest increase in erosion is 


« MkLKE. M. F. Op. dU 
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to be found at about the point of the lowest slope used in the Missouri 
tests. A similar comparison was attempted with the results obtained 
by Conner, Dickson, and Senates ^ at the Spur, Tex., station. Their 
results were obtained on slopes ranging from 0 to 3 per cent. This 
was below the point of greatest increase found in the tests herein 
reported. The chief difference in the results is the fact that in Texas 
a large increase in erosion was obtained with the 1 per cent slope as 
compared with the zero slope. The increase from 1 to 3 per cent 
slope was much less marked. Another difference in methods is that 
the different slopes in Texas were produced by artificially adjusting 
some of the slopes for the entire length of the plot, whereas in the 
present work the natural slope was used for the length of the plot 
and the only adjustment of the surface was in leveling across the plot, 
which in most cases did not disturb much soil. 

The amount of run-off obtained in the Texas experiments is repre- 
sented by the curve b in Figure 3. This ourve is very similar to that 
obtained with the tank, except that the 3 per cent slope has given less 
run-off than has the 2 per cent slope. Conner and his coworkers state 
that this is probably due to the building up of the soil to obtain the 

3 per cent grade. 

It would seem from these few comparisons at least, that the meth- 
ods herein reported give results comparable with those obtained on 
larger plots and conducted under conditions of natural rainfall. 
They have the distinct advantage of affording opportunity for a large 
number of repetitions of comparable conditions as well as the possi- 
bility of studying a great number of different conditions bearing on a 
given problem, and in addition to this may be used for a wide vari- 
ety of problems. Permanent plots placed at different angles on a 
hillside could be used to excellent advantage for determining the effect 
of slope under normal rainfall conditions extending over a long period. 

SUMMARY 

Determinations of run-off and erosion were made by means of water 
applied to soil artificially to simulate rainfall. 

In one case a tank, which could be tilted so as to vary the degree of 
slope of the surface, was filled with soil and used to study the effect 
of slope on run-off and erosion. 

In another test the plots were placed at different angles on a hill- 
side so that the slope ranged from level to that of the steepest part of 
the hill. By properly locating the plots large variations m soil 
profile could be avoid wi. 

The results from the two methods checked very well and indicate 
that the one to be used will depend on the type of problem to be 
studied. 

The run-off was found to increase rapidly as the slope increased 
from zero to about 3 per cent grade. The increase in run-off was then 
very slight for each per cent of increase in slope. 

The soil eroded increased very gradually until the slope was about 

4 per cent, then the increase was found to be more rapid up to about 
7 or 8 per cent, after which there was a still greater increase in the 
rate at which the soil was removed from the plots. 


» CONNKB, A, B., Dickson, R. E., and Scoates, D. factors influencing runoff and soil erosion. 
Tex. Agr. Expt. Sta. Bui. 411, 50 p., illus. 1930. 
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The amowfc of run-off water required to erode 1 pound of soil de- 
creased rapidly as the slope increased from 1 per cent up to about 
10 per cent, after which the decrease was gradual and sUght. In some 
cases the water required to erode 1 pound of soil was less for the 0 and 
1 per cent slopes than for a 2 per cent slope. 

Soil erosiveness is shown to depend not merely on the physical 
properties of the soil, but also on the degree of slope and possibly on 
several other factors. A silty clay loam gave greater erosion on the 
lower slopes whereas a sandy soil gave more erosion than did the silty 
clay loam on steep slopes. 

The results obtained on large plots in Missouri and TexM have been 
shown to correspond reasonably well with the results obtmned in these 
tests. Tliis would tend to indicate that small plots having water ap- 
plied artificially may be used for studying a large number of problems 
in connection with soil erosion. 




DETERIORATION IN SHELLED GREEN PEAS HELD A 
FEW DAYS IN STORAGE PRIOR TO CANNING' 


By Z. I. Kertesz, Associate in Research^ and E. L. Gkeen, formerly Associate in 

Research f Department of Chemistry f New York State Agricultural Experiment 

Station * 

INTRODUCTION 

It is the task of the canners to preserve the flavor and texture of 
fresh green peas as far as possible. The success or failure of their 
efforts is mostly decided before the operations within the cannery 
start, that is to say, by the quality of th(^ harvested peas and by the 
events and the lapse of time between the cutting of the vines and the 
actual canning process. To postpone harvesting a given field for a 
day or so would damage the quality of the canned product, and every 
delay in the regular progress of the harvested peas to the cannery 
inevitably means some loss of flavor of the canned peas. Such delays 
lead to deplorable congestion at the cannery on certain days. It has 
occurred to a number of workers that peas might be held in cold 
storage, but the conditions to be met arc still to be determined. It 
is believed that this can be done only after a better understanding of 
the biochemical reactions that are involved. 

The results of a preliminary experiment on holding peas are pre- 
sented in this paper. This trial was planned as a further step in the 
study of the reactions in cannery peas which were chosen as the first 
subject of biochemical investigations on vegetables started at this 
station in 1929. 

The changes that occur in peas that have been removed from the 
pods are unexpectedly rapid and complex. In a previous study of 
these changes, the senior writer (J)f found that an hour at room tem- 
perature (25° C.) produces a considerable alteration not only in flavor, 
but also in chemical composition. 

The research department of the American Can Co. has made very 
extensive trials in holding shelled peas. The experiments showed that 
slow cooling did not check the objectionable changes before excessive 
damage had been done to the quality of the peas and that rapid cool- 
ing always imparted a sharp flavor. Trials by other investigators on 
rapid cooling, however, failed to confirm the occurrence of the sharp 
flavor. 


J Received for publication Feb. 8, 1932; issued October, 1932. 
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unpublished report of the experiments of the research department and for canning the exiterimental samples; 
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In an account of the work done by the research department of the 
National Canners^ Association, Smith (7) reported that he was unable 
to find any sharp taste in pea samples cooled and held in cold storage. 
He states that tne greatest change in flavor takes place in the first six 
hours of storage. Afterwards the loss of flavor in cold storage is very 
slow. 

On account of these experiments by Smith it was believed that 
another experiment on rapid cooling was warranted. The object in 
making similar experiments was to study the changes in the chemical 
composition of the peas during storage and to compare these findings 
with the opinions of competent judges who scored the canned peas. 
It was of interest, in addition, to study the formation of the sharp 
taste, which certainly should be associated with detectable changes 
in the chemical composition of the peas. 

EXPERIMENTAL METHODS 

In this preliminary work three different treatments wore used, viz, 
holding peas at room temperature without treatment (series 0), cool- 
ing and storing the peas at 30° F. without blanching (series C), and 
cooling and storing at 30°, after blanching (series B). 

The peas were collected on July 7, 1931, at Waterloo, N. Y. At 
this place the viner is located at the factory and not several miles 
away as is often the case, hence the samples for control analyses could 
be taken immediately after vining and grading. About a thousand 
pounds of shelled Perfection peas taken from a single lot were mixed 
and run through a washer and grader. From these, 450 pounds of 
size 4 peas were taken for the experiment. The grading was done on 
a grader with additional washing. This operation precluded any 
possibility of damaging the quality of the peas by the presence of the 
so-called viner mucus, which might cause deterioration of the quality 
of the canned product ^3). 

The washed and graded peas were distributed, without sending 
them over the picking tables, into pea pails or buckets of galvanized 
sheet iron with numerous perforations, at the rate of about 20 pounds 
(9 kg) per pail. The peas in three of these pails received no cooling, 
those in eight pails were chilled at once, and the remainder were put 
through the blancher. In the blancher the peas were heated in water 
to 180° F. (82° C.) for five minutes. They were then cooled with 
tap water at 68° F. (20° C.) and chilled. 

Chilling was done by placing the pails in a wooden tank containing 
water to a depth of some 30 cm and a considerable quantity of 
chopped ice, with a temperature of 39° F. (4° C.). The pails were 
lifted so as to drain a little and were resubmerged several times. 
In three minutes they reached a temperature of 43° F. (6° C.) as 
shown by a thermometer thrust into the peas. Equilibrium with 
the water temperature was attained within five minutes. As soon 
as the last of the blanched samples was thoroughly chilled, all wnre 
removed, covered with chopped ice, and transported by motor 
truck to a cold-storage warehouse at Geneva, N, Y. The samples 
were in the cold-storage warehouse within three hours after the 
arrival of the vines at the vining machine and within little more 
than one hour after the beginning of the vining. 
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At the cold-storage warehouse the pails were placed on the floor 
of a large room held at 30° F. (—1° C.). The temperature in the 
center of the pails was 38° to 40° F. (3° to 4° C.) when they were 
put in the cold-storage room. In two hours the temperature of 
the peas fell to 35° to 38° F. (2° to 3° C.), showing that the usual 
heating of peas in the pails (4) had been entirely avoided by the 
cooling and by the transportation under ice. 

Samples for chemical analysis were taken after grading and washing, 
but before cooling. Other samples were taken from the blanched 
peas immediately after leaving the blancher. A canning test for 
control was made at once after the blanching. The cans were closed 
and processed as described later. 

During their stay in the cold storage, no attempt was xnade to 
stir the peas or to prevent or remove the acciunulated moisture. At 
various intervals a pail of each lot was withdrawn and the contents 
canned. The peas stored at outside air temperature were hot and 
slimy at the end of 30 hours, so only 2 cannings, 1 at 6 hours and 1 
at 20 hours, could be made from these. 

For a canning test the peas that had not been heated before 
storage (the O and C series) were blanched in water at 180° F. 
(82° (1) for five minutes. The previously blanched or B series were 
slightly warmed by flushing with tap water at about 63° F. (17*° C.). 
The peas were then weighed at the rate of 10.5 ounces (298 g) to 
each can (83 mm diameter by 72 mm high inside). Hot brine contain- 
ing 15 pounds of salt and 30 pounds of sugar per 132 gallons of water 
was poured in from the regular filling machines, which were operating 
at the same time, until the cans were full, and the temperature 
(closing temperature) of several cans was noted. The cans were 
then closed by regular high-speed closing machines. The cans were 
processed at 244° F. (118° C.) for 35 minutes and cooled in the 
usual way in a cold-water cooling tank for about 35 minutes at 75° 
to 90° F. (24° to 32° C.). The cans were stored for about two months 
at the experiment station at room temperature, until they were 
shipped to the different places to be judged and scored. 

Samples for chemical analysis were taken before each canning 
test. The saxnples were preserved by boiling for 30 minutes in 80 
per cent alcohol solution. In general, the methods of the Association 
of Official Agricultural Chemists were used {!). Exceptions to this 
were that sugam were detennined by Bertrand’s method {2) and 
that moisture determinations were made by drying a portion of whole 
peas for 48 hours at 100° C. 

RESULTS OF SCORINGS OF THE CANNED PEA SAMPLES 

Samples of the canned peas were submitted to the Washington 
office of the National Canners’ Association; to the Division of Fruits 
and Vegetables, Bureau of Agricultural Economics, United States 
Department of Agriculture; to the Wisconsin Department of Mar- 
kets; to Strasburger and Siegel, consulting chemists; and to a group 
of members of the agricultural committee of the Association of 
New York State Canners. Numerical scorings made according 
to the scoring sheets adopted by the United States Department of 
Agriculture were obtained from all except the National Canners’ 
Association. The scores are presented in Table 1. 
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From the Washington laboratory of the National Canners^ Associa- 
tion only descriptive opinions were received, without numerical scor- 
ing. As flavor is the most important factor in the present experiment, 
the opinion of this laboratory about the flavor of the pea samples is 
quoted as follows: 

The peas in cans PBH and POB had a flavor which we have come to associate 
with the deterioration of peas widen have been neld too long between vining and 
canning. The peas in cans PCE and PCF had a peculiar abnormal and objec- 
tionable flavor with which we are not familiar. None of those judges who tasted 
these peas had ever experienced this particular flavor in connection with canned 
peas and we were not able to arrive at any reasonable suggestion as to the cause 
of this poor flavor. 

The gradings for the control samples showed an average of 86 points, 
which placed them in the range of Extra Standard peas. If the con- 
trol pack had been Fancy, the resulting samples might have deteri- 
orated at a different rate from the present samples. 

There was a very rapid decrease in quality in the peas stored at 
outside temperature. The sample canned 6 hours after vining was 
scored 78 and declared to be Standard grade. As one would expect, 
the sample canned 20 houi-s after vining resulted in a pack of inferior 
quality, which was scored by all judges as Substandard, with the 
average score of 63. 

When the blanched and cooled samples were taken to the factory 
for the various canning trials, they were always submitted to the 
factory manager who was unable to detect any change in the charac- 
teristics of the peas. This fact was not surprising, since Smith (8) 
also notes that the real chai-acter of the peas becomes apparent only 
after canning and storing. At the last cannings the peas of the C 
series (c.ooled without blanching) appeared to be in the raw state 
somewhat harder than the corresponding sample from the B series, 
which was blanched before cooling. 

The blanched and cooled sample was found by all judges to be in 
the extra standard or standard grade after 72 hours^ storage. The 
peas in the cans packed after 96 and 144 hours were found to be sub- 
standard by one grader (Strasburger & Siegel), but were rated as 
standard by the other two. The cans packed after 190 hours of 
storage were undoubtedly substandard. The code of this sample 
was PBH, and this was one of the samples mentioned by officials of 
the National Canners’ Association as being ^‘abnormal and objec- 
tionable.^' According to these scorings, one might expect the peas 
held in cold storage to yield packs of standard or higher grade until 
the period between 72 and 96 hours, while the definite change from 
standard to substandard packs probably occurred in the period 
between 120 and 150 hours after vming. 

The peas cooled without blanching appeared to have deteriorated 
somewhat more rapidly than did those blanched before cooling. The 
sample canned 48 hours after vining was in the standard grade, while 
the sample canned 72 hours after vining gave a substandard pack. 
This was one of the bad-flavored samples, according to the opinion of 
the laboratory of the National Canners' Association. While the 
sample canned after being held 72 hours was scored substandard by 
one judge only, the next sample, C/anned 96 hours after vining, was 
declared by two of them to be in this grade. The change from the 
standard to the substandard grade must have occurred some time 
between 50 and 100 hours, undoubtedly sooner than that in the 
blanched and cooled sample. 
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storage, after indicated hours of storage after shelling, after indicated hours of storage 


Sept. 16 , 1932 Deterioration in Peas Held in Storage Prior to Canning 367 




368 


Journal of Agricvltural Research 


VoJ. 45, No. 6 


RESULTS OF THE CHEMICAL ANALYSES 

The samples for chemical analysis were taken immediatly after 
grading, after blanching, and before every canning test. They were 
preserved by boiling in alcohol, as mentioned above, and were ana- 
lyzed after two weeks of storage. The results, calculated on the 
basis of the fresh weight of the peas when the samples were taken, 
and on the basis of a single pea, and are presented in Tables 2 and 3. 
The weight of a single pea was determined by counting 50 g of peas 
used for a sample. 

The dry-matter content of the samples decreased slightly during 
storage. The weight of a single pea, on the other hand, increased, 
probably because of the condensation of moisture from the air of the 
room on the peas. No effort was made to dry the peas before sam- 
pling. This accounts for a part of the decrease of the percentage of 
dry matter, which occurred m the bleached peas. This fact, however, 
shows the advantages of presenting the data on a single-pea basis, 
because in this way changes in the actual quantities of the constit- 
uents can be traced regardless of the loss or gain of moisture and gases. 

There was some decrease in the total sugars in the samples of the 
unblanched series, the largest decrease being shown during the first 
20 hours of the experiment. Blanching reduced the amount of total 
sugars to the same degree as did storage of the unblanched sample for 
20 hours. Total sugars may be consumed by respiration m the 
unblanched sample and leacned out in the other. The decrease in 
the percentage of sucrose and of the total sugars is much less than 
the loss of the latter constituent in peas kept at room temperature, 
for which the senior writer (5) showed as much as 52 per cent decrease 
in total sugar and starch content during the first 24 hours. The losses 
in the total sugars of the unblanched samples were roughly 30 per cent, 
and were possibly related to a small, but definite loss of flavor, namel}^ 
3 points of a possible 2^. The only significance to be attached to this 
fact is that it indicates a certain enzymic and respiratory activity that 
is undoubtedly related to the more rapid deterioration of the 
unblanched samples. 

In storage there was practically no decrease in the total sugars in 
the blanched samples, showing that heating for five minutes to 180° 
F. (82° C.) had mostly inactivated the saccharose and the respiratory 
enzymes. 

Only immaterial changes could be found in the starch content of 
the peas. This shows that even in the unblanched sample amylase 
activity was unimportant. This enzyme was shown by Kertesz (5) 
to be very active in macerated peas at room temperature. Likewise, 
the crude-fiber content of the samples did not show any greater varia- 
tion than may be regarded as due to sampling and experimental error. 

The nitrogen compounds were separated into 80 per cent alcohol- 
soluble and 80 per cent alcohol-insoluble fractions. For the sake of 
comparison they were calculated as proteins (nitrogen X 6.25). 
This was also necessaiy in the subtraction made to determine the 
unidentified fraction, since the actual weight of nonprotein nitrogen 
compounds is certainly nearer to nitrogen X 6.25 than to the actual 
weight of nitrogen found. It must be understood, however, that the 
80 per cent alcohol-soluble nitrogen fraction should be regarded as 
b^g composed mostly of nonprotein nitrogen compounds. Changes 
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in both fractions of nitrogen in the samples as analyzed were small 
and not greater than the experimental error. 

None of the constituents determined directly appeared to fluctuate 
in conformity with the observed changes in quality. 

DISCUSSION 

The most obvious conclusion to be drawn from the present exper- 
iment is that deterioration in flavor is a more important consideration 
in holding shelled peas in storage before canning than texture, or the 
variation of the more obvious of the chemical constituents. The 
changes in texture, or the increase in toughness, which have been 
given so much emphasis recently, have a relatively minor effect on 
the total score and do not occur until much later than the loss of 
flavor. 

It is also obvious that in the present investigation the changes in 
the flavor of peas held after vining can not be explained by reciprocal 
conversions of sugar and starch. The statement that sugar is changed 
to starch during holding is often encountered in the trade literature 
concerning peas, but in this experiment no evidence of such a change 
was found. This should not appear startling, for the flavor of the peas 
is judged after canning in a solution containing sucrose. Further- 
more it has been found that the addition of the indicated sugar does 
not make the flavor of lower-grade peas equal to that of choice peas. 
In the unblanched samples, where the enzymes had not been inac- 
tivated, there was a slight decrease in the absolute amount of starch 
(single pea basis), together with some loss in the total sugars as well. 
It is suggested that respiration accounts for this loss of starch and 
sugar. 

It is reasonable to suppose that the respiration in the unblanched 
samples was not entirely stopped by cooling, and this would account 
for the more rapid deterioration of these peas. Table 1 shows that 
the blanched peas held for more than 72 hours were always scored 
higher than were the unblanched. The small extent of the changes 
in the constituents determined chemically is in sharp contrast with 
the great extent of the changes in the flavor. 

The changes observed in the amounts of the two nitrogen fractions 
are insignificant. An alteration in the proportions of the alcohol- 
soluble and the alcohol-insoluble fractions during storage was ex- 
pected, but only immaterial changes could be found. It was sup- 
posed that the sharp flavor often encountered in peas held too long 
after vining might be accounted for by some such change. No sharp 
flavor was developed in these samples, and therefore this hypothesis 
could not be tested. 

The question still remains, why did not the combination of blanch- 
ing and cooling prevent the deterioration of the peas? Two sug- 
gestions are offered as possible answers. One is that the changes in 
the peas held in cold storage may be caused by direct oxidation by 
the oxygen of the air, independently of respiration or other enzyme 
actions. These changes could then possibly be eliminated by storing 
the peas in nitrogen or carbon dioxide. Because of the very short 
season for obtaining material this supposition could not be tested 
this year. The second suggestion follows from the fact that, as 
Kertesz (S) has shown, all the chemical changes proceed more rapidly 
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in macerated peas than in the normal whole peas. It is well known 
that the rate of respiration increases in bruised or injured plant 
tissues. When peas are shelled by machine in the usual way, and 
then separated into sizes over rolling or vibrating metal screens a 
greater or less amount of bruising is inevitable. This bruising is 
equivalent in its effect to a certain amount of maceration, and such 
peas have been shown by Sayre, Willaman, and Kertesz (d) to de- 
teriorate more rapidly than do hand-shelled peas. The changes in 
the machine-shelled peas proceed with extreme rapidity so that they 
become far advanced dunng the short interval between shelling and 
cooling. These changes may then be retarded or stopped altogether 
by blanching or cooling, but they are already extensive enough to 
produce a decidedly deleterious effect on the flavor. Apparently, 
blanching will stop these changes better than does cooling alone. 
The condition reacjhcd after blanching is then maintained for a longer 
period than that of peas simply chilled, where respiration is probably 
at a higher rate. 

SUMMARY 

Peas were kept in cold storage for several days without deteriora- 
tion when chilled quickly to the storage temperature (30'^ F.). De- 
terioration was slower in peas blanched before cooling than in peas 
cooled and stored at 30® without blanching. 

During storage the percentage and absolute amount of total sugars 
in the unblan^ed, chilled sample decreased, showing respiratory 
activity. In the blanched and chilled peas there was no loss in sugars, 
showing that the respiratory enzymes were mostly inactivated by 
heating the peas for five minutes to 180® F. 

The percentage and absolute amount of starch per pea did not 
increase in shelled and stored peas, showing that there was no conver- 
sion of sugars to starch.^ 

None of the chemical constituents determined appeared to fluctuate 
in conformity with the observed changes in quality. 
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LIFE HISTORY AND HABITS OP CRESTED 
WHEATGRASS ‘ 


By L. Dudley Love, formerly Assistantf Department of Botany, and Herbert C. 

Hanson, Botanist, North Dakota Agricultural Experiment Station * 

INTRODUCTION 

Crested wheatgrass, Agropyron cristatum J. Gaertn., has recently 
become important as a pasture and hay plant in the northern part 
of the Great Plains as well as in the Rocky Mountain region. It is 
especially valuable because it begins to grow a week or two earlier 
than other grasses in the spring. It is an upright perennial bunch 
grass and is well adapted to many of the lighter soils in the semiarid 
regions. 

L. E. Kirk,^ in a bulletin recently published, has described the 
characteristics of crested wheatgrass that adapt it to cold and drought. 
Ho has shown that it is successful in controlling weeds, and he has 
discussed its uses as hay and pasture and as turf for lawns and golf 
courses. 

THE SEED 

The seed is light yellow in color, wide and blunt at the base, and 
has a short awn. The lemma and palea are prominently rolled. The 
back and sides of the lemma contain several well-spaced spines to- 
ward the tip. (Fig. 1.) The raclulla is not appressed to the lemma 
and palea. Agropyron cristatum is easily distinguished from both 
A. terierum Vasey and A. smithii Rydb. by its smaller size and rolled 
shape. 

The rachilla segment (fig. 2) of Agropyron cristatum has a wide 
blunt base and U-shaped sinus, the lemma edges at the callus not 
obscuring the almost parallel sides of the rachilla. The apex of the 
rachilla is oblong and the segment itself is characterized by prominent 
stout hairs. 

The palea is hirsute over the entire surface. The hairs on the 
edge of the palea are short, stout, somewhat pointed and spaced 
farther apart than those of Agropyron tenerum or A, smithii. 

Key for Identification of Four Species of Agropyron 

Rachilla cone-shaped, arising from a V-shaped sinus; apex elliptical. 

Rachilla segment hirsute. Palea hirsute over entire surface; hairs on edges 

stout and fairly long Agropyron smithii 

Rachilla segment pilose. Palea puberulent at tip; hairs on edges fine, acute, 

and close together Agropyron tenerum 

Rachilla cylindrical in shape, arising from a U-shaped sinus; apex oval to oblong. 
Apex of rachilla segment heart-shaped; segment hispidulous. Palea puberu- 
lent at tip ; hairs on edges short, stout, arid blunt Agropyron repens 

Apex of rachilla segment oblong; segment sparsely hispid. Palea hirsute 
over entire surface; hairs on edges short, stout, somewhat pointed, and 
spaced fairly far apart Agropyron cristatum 

^ Received for publication Jan. 13, 1932; issued October. 1032. 

> The authors are indebted to Prof. 0. A. Stevens for the facilities necessary to make the germination 
tests and to J. T. Sarvis, Leroy Moomaw, and Samuel Oarver for supplying seed. 

* Kibe, L. E. crested wheat grass. Saskatchewan University Agr. Ext. Bui. 54, 22 p., illus. 1932. 
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In order to determine the length of time that crested wheatgrass 
seed retains its viability, a series of germination tests were made. 



Figure 1.— Dorsal (A), lateral (B), and ventral (C) view of the seed of crested wheatgrass 

One hundred and fourteen lots of seed grown in various years from 1919 
to 1930 were tested. The seed came from Mandan, N. Dak., Dickinson, 

N. Dak., Redfield, S. Dak., Havre, 
Mont., and Saskatoon, Canada. 
Several of the lots were individual 
plantselectionsmadeby J. T. Sarvis 
or A. C. Dillman. The seed in most 
cases had been stored in a dry, mod- 
erately cool place. Each lot of seed 
was tested once in the period from 
October to November, 1930, in ac- 
cordance with the methods of the 
official seed analysts. One test was 
considered sufficient when averaged 
with other lots of the same year. 

The number of lots that were 
tested, and the average percentage 
of germination are presented in 
Table 1. This table shows a sharp 
decline in the percentage of germi- 
nation of seed harvested prior to 
1926. It was noted in the germi- 
nation tests that the 1930 seed 
germinated more completely at the 
end of five days than the 1926 or 

.r.o^»E 2 .-K.ohma«Hnn«)tofcre,t«i»h 6 at«r«s }927 Seed. TWs fact suggosts that 

the rate of germination decreases 
along with the percentage of germination. The data show, then, 
that crested wheatgrass seed, if stored in a cool, dry place, may be 
expected to germinate satisfactorily imtil 4 years of age. 


Table 1 . — Percentage germination of crested wheatgra&s ieed of various years 
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DEVELOPMENT AND MORPHOLOGY OF THE SEEDLING 

In its natural state crested wheatgrass seed falls to the ground 
shortly after maturity and lies there until favorable conditions per- 
mit germination. This indicates that the natural time of seeding is 
in the fall, but tests in some places show that no appreciable differ- 
ence exists between spring and fall sowing. 

During the fall and winter of 1930-31 tests on depth of planting 
were conducted in the greenhouse. Good tilth of the clay soil was 
secured in order to have about the same amount of moisture through- 
out. Two hundred seeds were planted at eacjh of the following 
depths: One-eighth, one-fourth, one-half, three-fourths, 1, 2, 3, 4, 5, 
and 6 inches. In the bench where the plantings were made the soil 
was about 20 inches deep. At the end of 5, 10, and 28 days the 
seedlings that appeared above the surface were counted. After 28 
days the leaf area of all the seedlings was determined by multiplying 
the average length by the average width in millimeters. The results 
are given in Table 2. 

Table 2. — Effect of various depths of planting on crested wheatgrass seed 


Values for depths of seeding (inches) indicated 
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do.. . 

139 

135 

no 

130 

99 

78 

19 

Average height in 28 day.s 

inches.. 

6.6 

6.6 

6 

6 

5.3 

6.6 

4 

1 otal leaf area 

cm*.. 

2, 546. 2 

2,353.4 

2, 233. 7 

2, 360. 8 

1,540.9 

1,095.7 

130.9 

Average leaf area per plant 

cm*-. 

18.3 

17.4 

19.2 

18.2 

16.6 

14.1 

6.9 

Shoots above surface in 10 days... 

per cent.. 

67.0 

70.0 

67.0 

62.5 

46. 5 

46.5 

6.0 

Shoots above surface in 28 days.... 


69.6 

67.5 

58.0 

65.0 

49.5 

39.0 

9.5 


Cm* is the abbreviation for square centimeter recently adopted by the Style Manual for U. S. Govern- 
ment Printing. 


The measurements taken at the end of 28 days showed a gradation 
in height from 6.5 inches for plants from seeds planted at the }^-inch 
depth to 4 inches for plants from seeds planted at the 3-inch depth. 
The difference in the average leaf area between the seedlings from the 
one-eighth and the one-half inch depths may have been duo partly to 
competition, since there were fewer seedlings at the one-half inch 
depth than at the one-fourth or one-eighth inch depths. The maxi- 
mum depth from which seedlings appeared above the surface was 
3 inches. Seed of crested wheatgrass germinates well upon the 
surface of the soil when there is sufficient moisture, but in the field, 
where the surface is usually dry, it appears that the best depth at 
which to plant the seed is between one-fourth and one-half inch, 
depending upon the dryness of the surface soil. 

A similar experiment for bromegrass showed that the maximum 
depth at which the seed germinated and sent shoots to the surface 
was 3 inches. At this depth about 5 per cent of the seeds were able 
to send shoots to the surface. About 65 per cent of the seeds planted 
at one-eighth to 1 inch produced seedlings above the surface, 

In^ order to study the development of the seedling, seeds were 
germinated in a damp chamber at a temperatmre of about 25° C. At 
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the end of 24 to 48 hours the coleorhiza had formed and several dis- 
tinct root hairs were already present on it. At the end of 48 to 72 
hours, the coleoptile began to appear. The primary root was about 
twice as long as the coleorhiza and had several root hairs. At 72 to 
96 hours, both the coleoptile and primary root were well developed; 
the latter was about as long as the seed and was covered with a thick 
mat of root hairs. At 96 to 120 hours, the coleoptile was about as 
long as the seed and the primary root about twice as long as the seed. 
(Fig. 3.) 

In a similar experiment bromegrass did not develop a shoot until 
48 to 72 hours after the seed was placed in a damp chamber. This 
indicates that, although a little slower in producing the coleoptile, it 
had good roots to begm shoot growth. 

During the winter of 1930-31, greenhouse studies were made of the 
rate of root and shoot elongation of crested wheatgrass as com- 
pared with that of bromegrass. This comparison was made because 
it had been obsei-ved that the seedlings of crested wheatgrass were 
much more frail and delicate than those of bromegrass. 

Examinations were made at the end of 10, 17, 24, 31, and 46 days. 
The development of the seedlings of both of these grasses is shown 
in Figure 4. During the first 24 days bromegrass had a distinct 
advantage over crested wheatgrass in both root and shoot develop- 
ment. Although the main root of bromegrass penetrated some- 
what deeper, the branches were fewer. At all stages the height of 
the shoot in both grasses was approximately the same, but the leaves 
of bromegrass were wider, Bromegrass therefore had a larger and 
more vigorous seedling. 


Table 3 . — Hoot and shoot development of seedlings of crested wheatgrass and 
bromegrass at different ages 


Age intervals (days) 

f Crested wheatgrass 

Bromegrass 

Average daily 
growth In height 

Average daily 
growth 

Average daily 
growth in height 

Average dally 
growth 

Shoot 

Root 

Shoot 

Root 

Shoot 

Root 

Shoot 

Root 


Inches 

Inches 

Per cent 

Per cent 

Inches 

Inches 

Per cent 

Per cent 

10 to 17 

0.367 

0. 107 

8.02 

4.28 

0.286 

0.250 

7.14 

6.66 

17 to 24 

.214 

.143 

3.80 

4.08 

.286 

.250 

4. 76 

4.54 

24 to 31 

.214 

.29 

3.66 

5. 10 

.143 

.143 

2.04 

2.10 

31 to 46 

.214 

.100 

2.24 

2.06 

.178 

.178 

1. 87 

1.97 


In order to determine whethei crested wheatgrass developed more 
rapidly after a certain period than bromegrass, the following method 
was devised: The height or length, measured in inches at the end of 
an interval (i. e., 17 or 24 days, etc.), was divided by the number of 
days in the interval in order to secure the average daily growth in 
height. This average daily growth, divided by the average maximum 
height at the end of the interval, multiplied by 100, gives the average 
dauv height percenta^ that the plant grew each day during a par- 
tacular interval. TaHe 3 shows the root and shoot development of 
seedlings of crested wheatgrass and bromegiass. From these data it 
appears that the development of both the root and shoot is more 
rapid in bromegrass than in crested wheatgrass during the first 24 
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(lays. From then on to the end of 45 days, the development of the 
root and shoot of crested wheatoass is slightly more rapid than that 
of bromepass. This is offered as a possible explanation of how 
crested wheatgrass overcomes the handicap of a very small seedling 
and develops into one of the most drought resistant of forage plants. 
This change during the seedling stage has also been noted in the field. 

Very young seedlings of crested wheatgrass present a very difficult 
problem in mentification. There are a few characters, however, that 
appear to be reliable for identification during the first 31 days after 
planting, or until there is a definite formation of the vegetative char- 
acters similar to those of the mature plant. 

At the end of 10 days after planting, the number of veins in the 
first leaf was almost always three. The coleoptile was often greenish 
pink in color. The first leaf was about 0.75 mm wide, green, curled. 



Fiqurk 4.— Comparison of the development of root and shoot of crested wheatgrass (A) and brome- 

f rass (13): a, 10 days after planting; b, 17 days after planting; c, 24 days after planting; d, 31 
ays after planting 


and somewhat convolute. At the end of 17 days after planting, the 
first leaf still had three veins and was about 1 inm wide. There were 
a few hairs along the veins. Twenty-four days after planting, the 
first leaf had the same characteristics as those mentioned above, 
except that sometimes there appeared to be a slight development of 
auricles. The second leaf had five veins, was green^ and about 1.25 
mm wide. There were several hairs along the veins. The ligule, 
collar, and sheath resembled those of the mature plant and the 
auricles were slightly developed. The third leaf was %ht green, 
convolute^ 1 mm wide, and had from three to five veins. There were 
a few hairs along the veins. Thirty-one days after planting, the 
coleoptile began to slough off. The first leaf had not changed and 
the si^ond leaf had changed but slightly. The latter was 1.5 mm 
wide and the auricles were much more pronoimced. The third leaf 
was'^green and about 2 mm wide. It had about six veins and several 
hairs along the veins. 
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Ten-day-old seedlings of crested wheatgrass may be distinguished 
from those of bromegrass by the width of the leaf, the number of 
veins, and the hairiness. From the seventeenth day after planting 
crested wheatgrass may be distinguished by the characteristic ligule, 
collar, and auricles. 



Figure 6.— -Base of mature blades, showing sheath, collar, axid ligule of crested wheatgrass (A, B) and 
" bromegrass (C, D) 


DEVELOPMENT AND MORPHOLOGY OF THE MATURE PLANT 

Crested wheatgrass is a perennial of bunch-grass habit; 20 to 30 
inches high; leaves rolled in the bud; collar broad, somewhat hairy; 
auricles Sender, clawlike; li^e membranaceous, short, much lacer- 
ated; sheath not compressea, somewhat hairy: blades flat to convo- 
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lute, usualljr stout hairs along the veins, 0.12 to 0.25 inch wide, some- 
what tapenng to a slender, sharp point: nerves prominent on upper 
surface. (Fig. 5.) 

From one and one-half to two months after planting, crested wheat 
grass begins to tiller. New stalks arise from buds on the basal node. 
The crown increases in size in this manner, very often exceeding sev- 
eral square inches in area. From nodes on old tillers or secondary 
stems, new groups of tillers arise, as shown in Figure 6. 

In the spring, the new growth begins both from the base of old 
stalks and from new buds arising at nodes. Very often these new 



Fioxjbb 6.— Method by which clumps of crested wheatgrass enlarge. 

Note tillering from the secondary stem (a) and also from the pri*> 
mary stem below 

shoots appear above the surface several inches away from the crown. 
The cuhns are erect and under favorable conditions will produce a 
spike, but under unfavorable conditions the apex ends in a mass of 
false leaves. 

In the latter part of October, 1930, the root systems of crested 
wheatgrass and bromegrass were excavated by the trench method. 
Both plots in which plants were growing had been seeded in the spring 
of 1929 W the Department of Agronomy of the North Dakota 
station. The soil is Fargo clay * (alkali phase) and includes three 

* Xiyobb&hB. W., rsiofrTAL, M. P., and OBiu*MAN, J. B., son. burvby or casscounxt, north Dakota. 
HoRPjni, T.B., and Wi^TXR, H. L. part a; the CBsmcAL covPosmoN or the soils op cass county, 
U. B. Papt. Ait,, Bur. Ohem. and Soils, Soil Survey Bpt. No. 29, Series 1024, 80 p.. Ulus. 11929.] 
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distinct horizons. The A horizon consists of a black clay to a depth 
of 19 inches; the B horizon is composed of a grayish-drab or olive- 
gray clay, containing scattered concretions of lime carbonate, and 
extends to a depth of 32 inches; the C horizon consists of an olive- 
gray or light olive-gray clay to a depth greater than 8 feet. 

Crested wheatgrass (fig. 7) penetrated to a maximum depth of 8 
feet, with a lateral spread from the crown of a little over 2 feet. A 
majority of the roots extended to a depth of 3.3 feet (working level). 
The root system as a whole was in excellent condition. The main 
roots ranged from 0.4 to 1.5 mm in diameter. The light-colored 
main roots, arising from 1 to 2 inches below the soil surface gave rise 
to numerous secondary and tertiary rootlets from near the surface 
to within 3 inches of the tip. The ratio of the maximum depth to 
the lateral spread was 3.6. The lime carbonate in the B horizon, 
appeared to have little effect on the color or growth of the main roots, 

Bromegrass (fig. 8) penetrated to a maximum depth of 7.5 feet 
with a lateral spread of a little over 1.5 feet. A large number of the 
roots extended to the working depth of 3.2 feet. The main roots, 
arising directly beneath the soil surface, were pale straw-colored in the 
A honzon and dark brown in the B and C horizons. Several roots, 
after striking the B horizon, grew horizontally for about 1 inch and 
then turned downward. Many secondary rootlets were swollen to 
about twice normal size at the tips between depths of 2 to 4 feet. 

A few dead roots were found, some extending to a depth of 3 feet. 
Where the lime carbonate deposits were shallower, the working 
depth was found to be 3 feet. The ratio of the maximum depth to 
the lateral spread was 5.0. 

The root systems of crested wheatgrass and bromegrass are similar 
in that they penetrate to about the same depth and have about the 
same working level. On the whole, the main roots of crested wheat- 
grass are lighter in color and somewhat stouter. Crested wheatgrass 
has a much greater number of branch roots than bromegrass and 
they are not so coarse as those of brome. The absorbing surface of 
crested wheatgrass appears to be much greater than that of brome- 
grass. The lateral spread of the roots of crested wheatgrass is greater 
than that of brome. 

INFLORESCENCE 

The spikes of crested wheatgrass begin to develop from two to 
three months after the plant commences growth in the spring. At 
the time of blooming the style appears shortly before the stamens 
are mature and the anther sacs have broken. In Figure 9 is shown 
a floret shortly after the anther sacs have opened. An enlargement 
of the styles and ovary is also shown. The lodicules are quite large 
and are ]ust beneath the base of the ovary. The long hairs on the 
ovary are conspicuous. Both the lemma and palea are provided 
with numerous short, stout hairs. On both sides the lemma has one 
distinct nerve down the middle, parallel with the two outside nerves. 
Several long hairs are seen at various points on the lemma. 
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SUMMARY 

The seed of crested wheatgrass may be distinguished from the 
seeds of Agropyron repens^ A. smithii and A. tenerum by its rolled 
lemma and palea, its wide blunt base, and the characteristic oblong 
shape of the apex of the rachilla segment. 

Crested wheatgrass seed when stored in a cool, dry place may be 
expected to retain its viability with but little deterioration for four 
years. 

Experiments on the depth at wliich crested wheatgrass seed should 
be planted show that the optimum is from one-fourth to one-half 
inch, varying with the dryness of the surface soil. 

Crested \dieatgrass seedlings grow much more slowly during the 
first 24 days than bromegrass seedlings. From that time on crested 
wheatgrass seedlings develop just as rapidly, or even more rapidly, 
than bromegrass seedlings. 

Very young seedlings of crested wheatgrass may be distinguished 
by a number of characters such as the greenish-pink color of the 
coleoptile, the throe veins in the first loaf, and slenderness of the entire 
ifiant. 

The method by which the crowns of crested wheatgrass enlarge 
is described. 

The root system of crested wheatgrass at the end of the second 
season extended to a depth of 8 feet, with a lateral spread from the 
crown of a little over 2 feet. The working level was about 3.3 feet. 
The entire system had very many fine secondary and tertiary branches. 

The flower is described. The styles appear before the stamens 
are mature. 
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QUANTITY OF MILK OBTAINED FROM AMPUTATED 
COW UDDERS ' 

By W. W. SwETT, Senior Dairy H iiebandman; Fked W. Millek, Senior Veteri- 
narian and Physiologiei; and R. R. Graver, Chief, Division of Dairy Cattle 
Breeding, Feeding, and Managernent, Bureau of Dairy Industry, United. States 
Department of Agriculture 2 

INTRODUCTION 

For several years the Bureau of Dairy Industry, United States 
Department of Agriculture, has been carrying on research work in 
milk secretion for the purpose of learning not only when and how 
milk is secreted, hut to what extent abundance of secretion is associ- 
ated with the history of the udder’s growth and development, and 
with its external and internal characteristics. The results obtained 
by liand milking tlie amputated udders of two cows slaughtered at 
the regular hour of milking, were reported in a previous publication 
The milk was drawn in two separate milkings, one as soon as possible 
after the amputation of the udder, the other four hours later. One 
of these udders yielded 85 per cent and the other 49 per cent of the 
average quantity obtained at corresponding milkings before death. 
The smaller proportion of milk obtained from the second ampu- 
tated udder was attributed to rigor mortis and excessive excitement 
and struggling of the cow at (he tiim^ ()f death. The results 
reported offered convincing evidence that milk secretion is to a great 
extent a continuous process, that a large proportion of the milk 
obtained at a milking is stored within the udder before milking is 
commenced, and that the capacity of the secretory system of a 
cow’s udder is greater than the volume of milk obtained at a milking. 
These deductions were distinctly contradictory to the belief, whi(*h 
for a long time had persisted rather generally among teachers and 
other professional men in dairy cattle and veterinary work, that the 
capacity for storing milk in the cow’s udder is not more than a half 
pint to each (juarter, and that consequently nearly all of the milk 
obtained at any milking must have been secreted during the process 
of milking. The manipulation of the udder and teats was supposed 
to stimulate the rapid secretion of milk during this brief period. 

DISCUSSION OF RECENT WORK OF OTHER INVESTIGATORS 

Since the report covering the results obtained with the first two 
cows was submitted for publication, several investigators have reported 
results on work of a similar nature. Gaines and Sanmann (}), by 

> Received for publicetion Feb. 4. 19S2', issued October, 1932. 
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chemical analysis of amputated udders and their contents, from 
cows slaughtered at the regular milking time, recovered an amount 
of lactose equal to that obtained in the milk from the same udders at 
corresponding milkings before death. Three amputated udders were 
included in their study. One of the udders and its contents was 
analyzed as a unit. The other two udders were milked by hand, and 
the milk so obtained was analyzed separately from the udder with 
its residual contents. The lactose found in the three amputated 
udders was, respectively, 100, 96, and 118 per cent of the quantity 
found by analysis in the corresponding ante-mortem milkings. 
These results led them (f , p. 701) to infer that — 

* * * there is present in the udder at milking time an amount of milk in 
excess of the amount secured upon milking. Very roughly, one-fourth of the 
milk is obtainable by milking the amputated udder, another fourth by drainage 
from the sliced udder, while the remaining half is tenaciously held even in the 
finely ground tissues. 


Gowen and Tobey {2^ 3) conducted a similar experiment based on 
a determination of the quantity of lactose in the udder and its con- 
tents at the time of the death of the cow. They concluded that at 
the time of milking 80 to 85 per cent of the milk is present in the udder 
of a cow milking up to 30 pounds a day, and that the amount which 
may be secreted during milking is about 10 to 15 per cent, but can 
not be more than 20 per cent of the yield of the cow. Another 
interesting result noted is the failure to recover significant quantities 
of milk by subjecting the udder tissue to a pressure of as much as 
2,000 pounds. In 16 out of 20 cases, the quantity of lactose found 
in the amputated udder was more than sumcient to account for the 
total lactose produced by the cow at a corresponding ante-mortem 
milHng. The average for the 20 udders showed an excess of lactose 
equivalent to 2.1 pounds of the average milk produced by these cows. 
This was assumed to represent the quantity of milk remaining in 
the udder after it was believed to have been milked dry. They con- 
clude (5, p. 127) that cows producing up to 30 pounds of milk at 
one milking ^^have the lactose equivalent of all this milk in the udder 
when milking commences. ” The conclusions of Gowen and Tobey 
strengthened by data which show that the nonlactating 
udder does not contain any lactose. 

_ Ragsdale and his associates (7) obtained 69 per cent of the previous 
yield of milk from an udder of one cow after she had been killed. In 
a second experiment the amputation of the udder was followed by six 
post-mortem milldngs at half-hour intervals. The total quantity of 
milk recovered by post-mortem milking was 11.3 poimds as compared 
with an average of 10 pounds for the mne days before death. A later 
report (o) gave results obtained with two additional cows; the quanti- 
ties of mlk recovered from the two amputated udders were, respec- 
tively, 36.5 and 57.96 per cent of the quantities obtained at corre- 
sponding ante-mortem milkings. 

Petersen (J, p, 143) reports results obtained by milking six ampu- 
tated udders, and concludes: ^ 
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In a later report Petersen, Palmer, and Eckles { 6 ) describe their 
work somewhat more fully. For five of the six cows, the right half 
of the udder was milked immediately before slaughter and the left half 
was milked post mortem. 

According to the writers^ conception, ‘^inilk secretion is the process 
carried on by the secretory cells of the udder in removing certain 
constituents from the blood and converting them into milk. Milk 
secretion is distinguished from the act of “giving down” or expelling 
the secreted product. The act of “giving down” the milk varies 
greatly with different cows and probably may be stimulated and accel- 
erated by the manipulation of the udder during milking. If the man- 
ipulation stimulates release or expulsion of milk already secreted, in 
all probability it would affect the half of an udder not milked before 
slaughter at least as much as the half milked immediately before 
slaughter. This being so, it should result in more ready removal and a 
relatively greater post-mortem recovery than otherwise. The results 
for the five cows handled in tliis manner by Petersen and his associates 
show that the average recovery of milk from the left half of the ampu- 
tated udder exceeded by 5 per cent the quantity obtained from the 
right half immediately before slaughter. However, a comparison of 
the average quantity of milk obtained post mortem with that obtained 
from the same half of the udder at corresponding ante-mortem milk- 
ings shows a relative post-mortem recovery of only 77.8 per cent when 
the five cows are considered, and 80.3 per cent when the six cows are 
included. 

The low production of the cows studied by Petersen and his asso- 
ciates is noted also. The average quantity of milk obtained from the 
left half of the six udders at corresponding ante-mortem milkings was 
1,981 g, or 4.37 pounds. The average quantity obtained from the 
same half of the same six udders after death was 1,590.3 g, or 3.51 
pounds. Almost identical production of the two halves of the udder 
in ante-mortem milkings of the six cows is shown. This would indi- 
cate for both halves of the six udders an average ante-mortem produc- 
tion of 8.74 pounds and an average post-mortem production of 7.02 
pounds. 

Olson and Copeland ^ refer to unpublished data which in some 
respects are in accord and in other respects in contrast to those ob- 
tained elsewhere. Four cows of varying production were studied in 
a somewhat similar manner. Each of these cows was milked twice 
daily while the ante-mortem producing level was being detennined. 
Cow No. 1 was producing 46.67 pounds of milk daily before slaughter 
and yielded on two post-mortem milkings 13.1 and 1.3 pounds, a total 
of 14.4 pounds, which was about 62 per cent of the ante-mortem pro- 
duction at a corresponding milking. Cow 2 was producing an average 
of 6.88 pounds daily. Nearly 24 hours after the last ante-mortem 
milking she was killed, and 2.61 pounds was drawn from one half of 
her udder. Cow 3 was yielding an average of 8.85 pounds daily. 
Nearly 24 hours after the last ante-mortem milking she was slaugh- 
tered. Just before death 3.72 pounds of milk had been removed from 
one half of her udder. Immediately after death the other half of 
the udder yielded 2.51 pounds. The writers^ comment relative to a 


^ Olson. T. M., sod Oopbuind, L. Unpublished date on file at the South Dakota Agricultural Experi* 
ment Station. 
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similar plan employed by Petersen and his associates applies to the 
results obtained with this cow. Cow 4 was yielding an average of 
20.61 pounds daily. By continuous massaging and milking of the 
udder for hours after death 8.75 pounds was obtained. Because 
of the lack of imifonnity in the handling of these cows, a measure of 
the relation between the quantities of milk obtained by ante-mortem 
and post-mortem milking is difficult. It appears, however, that the 
post-mortem recovery for the four cows was 61.70, 75.87, 56.72, and 
84.87 per cent, respectively, and averaged appro.vimately 70 per cent. 

DESCRIPTION OF EXPERIMENTS AND RESULTS OBTAINED WITH 

FOUR COWS 

The methods used and the results obtained in studying the first 
two cows (N os. 459 and 292 ) were fully described in a previous report {9 ) . 
After the preparation of that report and before its publication two 
other cows (Nos. 123 and 272) were studied similarly. (Tabic 1.) 

Table 1,- ■ Quaniity of milk ohtamed before death of the cow and after death and 
amputation of the udder 

[Cows in (Jruup 1 felled by a blow on the head and udders {>erniitted to become chilled after death; cows in 
Group 2 shot and udders held at blood temi>eraturel 







Percentage 


Average 




of ante- 


production 

Milk from 

Milk from 

'I'otal post- 
mortem 
milk 

mortem 

Group and cow No. 

for 10 days, 
ante-mor- 

first post- 
mortem 

seciond post- 
mortem 

production 

obtained 


tern 

milking 

milking 

milking 

in r»ost- 
niorteni 
milking.s 



Group 1; 

Poiindn 

PmndH 

Pound* 

Pound* 


45fl 

“ 12. 07 

9.20 

1.07 

10.27 

85. 09 

292 

21.38 

7.70 

2.90 

10. 00 

49. 58 

123-._ 

10.37 

5.90 

1. 30 

7.20 

09. 43 

272_.- - * 

21.83 

0. 60 

2. 30 

8.80 

40. 31 

Average - 

10.41 

7. 33 

1.89 

9.22 

01. 10 





Group 2: 






840__. 

18.51 

15.40 

3.30 

18. 70 

101. 03 

903 . 

10.27 

9.00 

2.00 

11.00 

71. 30 

Sll - - 

15.20 

8.90 

.80 

9.70 

03. 82 

257 - 

24. 73 

12. 10 

3. 25 

15. 35 

02. 07 

253_. ... 

21.25 

12. 55 

2.90 

15. 45 

72.71 

443 - - 

17.41 

11.85 

3. 35 

15. 20 

87. 31 

255-_ 

25.80 

10. 15 

1.05 

17.80 

08.99 


Average .. 

19.88 

12.28 

2. 56 

14.83 

76.32 

Average for Groups 1 and 2 J 

18.62 

10.48 

2. 31 

12.79 

70. 15 


* 3-day average. 


Cow 123, a junior 4-year-old registered Guernsey weighing 810 
pounds, was slaughtered at 9.30 a. m. on December 2, 1926. She had 
produced 8,535 pounds of milk and 477 pounds of fat in one year at 
the age of 2 years, 5 months. She was in the seventh month of her 
second lactation period. Her udder was unbalanced, the right half 
being smaller than the left, and the right rear quarter being entirely 
inactive. For a number of days before death she was led each morn- 
ing from the barn to the slaugnterhouse and back so that the trip on 
the day of slaughter would not cause undue excitement. Every 
attempt was made to acquaint her with her new surroundings, but 
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her udder was not handled nor was she in any way treated to stimulate 
the letting down of milk either on previous days or on the morning of 
slaughter. For the 10 days previous to slaughter her production 
ranged from 9.8 to 1 1 pounas and averaged 10.37 pounds when she was 
milked once daily. Her schedule of feeding and wateiing was kept as 
nearly uniform as possible. She was killed by a blow on the head 
and subsequent bleeding. Death was reasonably sudden and without 
excessive struggle. The temperature of the air in the slaughterhouse 
was close to freezing on the day of slaughter. Forty minutes elapsed 
between time of killing and commencement of milking, during which 
time the udder was amputated and attached to an iron frame. 

The time required for daily milking before death was 5 to 7 minutes. 
The post-mortem milk was drawn more slowly and with somewhat 
greater difficulty, the first milking requiring 34 minutes, and the 
second, 10 minutes. The temperature of the milk during the 10 
days before death ranged from 34° to 36° C.. The temperature of the 
milk of the first post-mortem milking was approximately 29)2° near 
the beginning and 25° near the finish. The temperature of the milk 
of the second and final post-mortem milking was approximately 25K°. 
The temperature of the inside of the udder was not determined . The 
udder remained in the slaughterhouse for nearly two hours, after which 
it was removed to a room having a temperature of about 24° to 27°, 
where it was kept until final milking was complete. llndoubteHly 
the udder was chilled considerably during the first two hours after 
its amputation. 

Cow 272, a senior 4-year-old registered Holstein weighing 1,200 
pounds, was slaughtered at 9.30 a. m. on December 22, 1926. Her best 
record of production for one year, which was made at the age of 2 years, 
amounted to 12,762 pounds of milk and 447 pounds of fat. She was in 
the seventh month of her third lactation period when killed. Her udder 
was large, well attached, slightly tilteci, and slightly quartered, but 
functioning in all quarters. On December 18 the left front (quarter 
showed an infection and a reduced milk flow. The infected quarter 
responded to treatment, and on December 20 and 21 appeared again 
to be normal in condition and in quantity of production, h'or 10 
days before death she was led from the barn to the slaughterhouse 
and back each day, as in the case of cow 123. During this 10-day 
period, her production ranged from 20.0 to 24.2 pounds and averaged 
21.83 pounds on one milking daily. Her schedule of feeding and 
watering was kept as nearly constant as possible. She was killed 
by a blow on the head and subsequent bleeding. Several strokes 
were required to fell her. She struggled and kicked vigorously, and 
her muscles apparently were tense at and immediately after death. 
Considerable importance is attached to the possible effects of failure 
to obtain sudden death without excessive struggling. The tem- 
perature of the air in the slaughterhouse was low. Forty-five minutes 
elapsed between killing and commencement of milking, during which 
time the udder was amputated and suspended. 

The time required for daily milking before death was 7 to IJ 
minutes. At each milking on December 18 to 21, inclusive, the cow 
was milked as before, for 9 to 10 minutes, and the major portion of 
the milk so obtained was weighed. The udder was then massaged 
and stripped for 15 minutes more. The massaging and stripping 
resulted in the recovery of an additional 0.1 to 0.5 of a pound of milk 
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daily, and for the four days averaged 0.25 of a pound. The post- 
mortem milking was much slower and more difficult. In the first 
9 minutes only 4 pounds of milk had been drawn, and its temperature 
was approximately 29}^° C. At the end of 45 minutes 6.5 pounds of 
milk had been drawn, and its temperature was about 22®, The 
second post-mortem milking occupied 25 minutes. The temperature 
of this milk also was 22®. The temperature of the milk drawn 
during the 10 days before death had ranged from 36® to 37®. The 
temperature of the inside of the udder was not determined. The 
udder remained in the slaughterhouse at a low temperature for about 
two hours, after which it was sent to a warm room, where it remained 
until after the second post-mortem milking. Undoubtedly this udder, 
like the previous one, was decidedly chilled before it was removed to 
the warm room. 

On an average, the first four amputated udders yielded 61.10 per 
cent as much milk as the cows had produced at corresponding milk- 
ings before death. (Table 1.) Those yielding the greatest quantity 
before death liberated a lower percentage of that quantity after death. 
The udders of the two cows that struggled violently at the time of 
slaughter yielded only 49.58 and 40.31 per cent, respectively, whereas 
the udders of the two cows that died without excessive struggle or 
noticeable tension of muscles liberated 85.09 and 69.43 per cent, 
respectively, of the quantities produced at similar milkings before 
death. 

The smaller proportion of milk liberated after death, and the 
greater difficulty in drawing it from the amputated udders of the 
two cows that became excited, struggled violently, and died with 
tense muscles, suggest the possibility that these factors may have 
been responsible for the difficulty experienced in drawing the milk 
as readily or as completely as from the others. In this connection, 
it is suggested that the nervous shock produced by killing the cow 
and to some extent by severing the nerves in the process of amputating 
the udder, may result in the development of an abnormal condition 
in the udder more or less comparable to that produced by pain or 
fright, which apparently causes the living cow to hold up her milk. 

CONTINUATION OF EXPERIMENTS UNDER MORE CAREFULLY 
CONTROLLED CONDITIONS WITH SEVEN COWS 

The necessity for repeating the experiments \mder more carefully 
controlled conditions was apparent. Therefore, in the second group 
of experiments, the results of which are presented in Tables 1 and 2, 
an attempt was made (1) to prevent as far as possible all excitement 
of the cow before death, (2) to cause sudden death without excessive 
struggling, and (3) to maintain approximately blood temperature 
within the amputated udder until after the completion of post-mortem 
milking. 

As a beginning for tliis study, t^ee grade Holstein cows were 
obtained from the dairy herd of St. Elizabeths Hospital in Washington, 
D, C. They were in average flesh and condition, out were inclined to 
be high-strung, nervous, and excitable. The cows were placed in 
box stalls in the building where slaughter was to take place, and were 
kept as quiet as possible, A regular program of feeding, watering, and 
milking was adopted. In an effort to obtain sudden death without 
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excessive strugging, the cows were shot through the brain. In order 
that the inside of the udder might be held approximately at blood 
temperature, a wooden box was constructed of sufficient size to hold 
the iron frame from which the udders were suspended. (Fig. 1.) 
The box was provided with an electric heater, a glass window in the 
front for purposes of visibility, and a slide in the end to serve as a 
ventilator. Below the front window an opening was provided and 



Figure l.— B ox for controlling temperature of the udder in post-mortem milking 


covered with a heavy canvas. A thermometer was suspended with- 
in the box in such a position that readings could be made from the 
outside. 

Immediately after the cow was shot cloths soaked in hot water 
were wrapped" about the udder. Frequently changed hot cloths were 
kept on the udder during the time required for suspending and bleed- 
ing the cow and amputating the udder, attaching it to the frame, and 
inserting it in the box. From the time the udder was inserted until 
the final post-mortem milking was completed, the temperature of the 
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box was kept at about 47° to 48° C. A thermometer, inserted in one 
of the large blood vessels, pennitted a determination of the inside 
temperature of the gland. Milking was commenced at once. It was 
accomplished by reaching through shts in the canvas front and milking 
in the usual manner. The udder was visible to the milker through 
the window. 

Cow 846, a 6-year-old grade Holstein weighing 1,075 pounds, was 
slaughtered at 9.30 a. m. on April 6, 1927. Her best record for one 
year was 12,220 pounds of milk made at the age of 4 years 9 months, 
on two milkings daily. At the time of slaughter she was beginning 
the fifth month of lactation. Her udder apparently was normal, 
relatively small, and somewhat tilted but unusually loose, flexible, and 
mellow, with comparatively little tissue present when milked out. 
During the 10 days immediately before slaughter her production 
ranged from 17.4 to 19.7 pounds and averaged 18.51 pounds when 
she was milked once daily. Shooting through the brain resulted in 
almost instantaneous death with hardly any struggle or apparent 
tenseness of muscles. She was bled immediately. Forty-eight 
minutes was required for killing and bleeding her and for amputating 
the udder, attaching it to its supporting frame, and placing it in the 
temperature-control box for milking. 

The quantity of milk obtained was 15.4 pounds in the first and 3.3 
pounds in the second post-mortem milking, a total of 18.7 pounds or 
101.03 per cent of the average daily production for the 10 previous 
days. Milking of the amputated udder was remarkably easy and 
rapid. The major portion of the first post-mortem milking was 
drawn in 6 minutes. Massaging and stripping was continued for 7 
minutes. The second post-mortem milking occupied 11 minutes. 
During the four days immediately before death the time recjuired 
for milking the major portion varied from 6 to 7 minutes. Subsequent 
massaging and stripping on these days yielded only 0.3 to 0.4 of a 
pound d ally. The temperature of the milk during the four days before 
death ranged from 3*4° to 36° C. The temperature of the major 
portion of the first post-mortem milking was 35°, whereas at the end 
of the stripping period it was 33°. The temperature of the second 
post-mortem milking was 35^2° C. Some difficulty was experienced 
m reading these temperatures because of the position of the milk 
bucket in the temperature-control box and because of the milk foam 
which adhered to the thermometer. The temperature of the control 
box was maintained between 45° and 49° until after completion of the 
second post-mortem milking. The temperature of the inside of the 
udder registered between 37° and 38°. The air temperature at the 
slaughterhouse was 18^2° at 2.30 p. m. 

Cow 903, a 5-year-old grade Holstein weighing 1,050 pounds, was 
slaughtered at 9.30 a. m. on April 11, 1927. Her best production for 
one year was 12,943 pounds of milk, made at the ago of 3 years 11 
months, on two milkings daily. She was in her fifteenth month of 
lactation. Her udder was of medium size, fair shape, except for 
being light in the left rear quarter, very loose, yielding, and mellow, 
but inferior in quality to that of cow 846. Her milk production for 
the previous 10 days ranged from 15.3 pounds to 17.7 pounds and 
averaged 16.27 pomxds when she was milked once daily. Death by 
shooting was practically instantaneous and without struggle. She 
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was bled immediately. Forty-five minutes elapsed between the time 
of shooting the cow and commencement of post-mortem milking. 

The quantity of milk obtained by hand milking was 9 pounds in 
the first and 2.6 pounds in the second post-mortem milking, a total 
of 11.6 pounds, which is 71.3 per cent of the average quantity obtained 
during the previous 10 days. Post-mortem milking was comparatively 
easy and rapid, but less so than in the case of cow 846. The major 
portion of the first post-mortem milking was drawn in 10 minutes, 
after which the udder was massaged and milked for 9 minutes. The 
second post-mortem milking occupied 11 minutes. During the nine 
days before death the time required for drawing the major portion 
had ranged from 6 to 10 minutes. Subsequent massaging and strip- 
ping on these days had yielded only 0.4 to 0.8 of a pound daily. The 
temperatures of the milk during the nine days before death were 
34° and 35° C. The temperature was 35° for the major part and 
33° for the strippings of the fimt, and 34)2° for the second post- 
mortem milking. The temperature in the control box was main- 
tained at 45 ) 2 ° to 48° throughout the period of post-mortem milk- 
ings. The temperatures of the inside of the udder during the same 
period ranged from 36)2° to 39°. The outside air temperature was 
12° at 9.30 a. m. and 14 ) 2 ° at 2.30 p. m. 

Cow 811, a 6-year-old grade Holstein weighing 1,280 pounds, was 
slaughtered at 9.15 a. m. on April 15, 1927. Her best production 
for one year was 10,928 pounds of milk, made at the age of 4 years 
9 months, on two milkings daily. She was just commencing her 
twenty -fifth month of lactation. Her udder was medium to small, 
of fair shape, with light and almost dry left rear quarter and with 
garget in the left front quarter. The udder was loose and yielding, 
and contained fibrous tissue of medium softness. In (pialikv it was 
the poorest of the three in the group. Her milk production during 
the 10 days previous to slaughter ranged from 11.7 to 17.6 pounds 
and averaged 1 5.2 pounds on one milking daily. She was shot through 
the brain, and death was practically instantaneous and without 
struggle. Bleeding and amputation of the udder followed in rapid 
succession. Forty-four minutes elapsed between shooting and 
commencement of milking. 

The quantity of milk obtained by hand milking the amputated 
udder w^as 8.9 pounds for the first and 0.8 pound for the second post- 
mortem milking, a total of 9.7 pounds or 63.82 per cent of the average 
quantity yielded during the previous 10 days. The milking was 
fairly easy and rapid but not so readily accomplished as in the case 
of cow 846. Seven minutes was required for drawing the major 
portion, and 6 minutes for massaging the udder and drawing the 
remainder of the first post-mortem milk. The second post-mortem 
milking required 10 minutes. During the previous 10 days the time 
required for drawing the major portion had ranged from 6 to 10 
minutes and the temperature of the milk had ranged from 34° to 
36° C. On these days subseqiient massaging and stripping had 
yielded 0.2 to 0.5 of a pound. The temperature of the milk was 37° 
for the major portion and 34)2° for the strippings of the first post- 
mortem, and 33° for the second post-mortem milking. In this case 
a third post-mortem milking was attempted approximately two 
hours after the second, for the j)urpoae of determining whether 
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additional milk could be obtained in significant quantities. Six 
minutes of massaging and stripping yielded only approjdmately 
0.05 of a pound. The temperature of the control box was maintained 
between 45° and 50° until the completion of the third post-mortem 
milking except that immediately after the udder was inserted, the 
temperature reading was 38°. The temperature of the inside of the 
udder during this period ranged from 37° to 39°. Outside air tem- 
peratures on this day were at 9.30 a. m. and 17° at 2 p. m. 

From time to time lactating cows in the herd of the Bureau of 
Dairy Industry at Beltsville, Md., became available for similar ex- 
periments. The work performed with each of four additional cows, 
making a total of seven in the second group, is discussed separately. 

Cow 257, a 10-year-old registered Holstein, was slaughtered at 
9.15 a. m. on February 21, 1928. She weighed 1,194 pounds, which 
was considerably below her usual mature weight. Her best produc- 
tion record for one year was 24,135 pounds of milk and 852 pounds of 
fat, made at 6 years 4 months of age on three milkings daily. She 
was in the second month of lactation when slaughtered. Her udder 
was somewhat unbalanced, of good size, fair shape, and very loose, 
and contained tissue that was inclined to be hard and fibrous. She 
had been kept on a regular schedule of feeding and watering and was 
milked twice daily throughout a 10-day period. The morning milking 
commenced at 9.15 a. m. Production at the morning milking during 
this 10-day preliminary period ranged from 21.6 to 27.7 pounds and 
averaged *24.73 pounds. Death, which resulted from shooting 
through the brain, was almost instantaneous and was accompanied 
with very little struggling or tenseness of muscles. Bleeding of the 
animal and amputation of the udder followed in rapid succession. 
Sixty-three minutes elapsed between shooting and commencement 
of milking. 

Hand milking of the amputated udder yielded 12.10 pounds in the 
first and 3.25 pounds in the second post-mortem milking, a total of 
15.35 pounds or 62.07 per cent of the average quantity obtained during 
the previous 10 days. In order to make possible a subsequent study, 
the two halves of the udder were milked separately in both the first 
and second post-mortem milkings. The time required for drawing 
the milk, therefore, was somewhat greater than otherwise would have 
been necessary. Ten minutes was required for drawing the major 
portion in the first post-mortem milking, after which the udder was 
massaged and stripped. The second post-mortem milking required 
17 minutes. The time for drawing the major portion of the milk at 
corresponding milkings during the preliminary period, when both 
halves were milked simultaneously, ranged from 8 to 12 minutes and 
averaged 10 minutes, and the temperature of the milk, which was 
taken on the last six days, ranged from 35° to 38° C. During the 
10-day period, subsequent massaging and stripping yielded from 0.5 
to 1 pound and averaged 0.8 of a pound of milk. The temperature 
was 32M° for the major portion and 22° and 26}^° for the two separate 
parts of the strippings of the first post-mortem milking. The tem- 
perature of the second post-mortem milk was 27 for each part. 

The temperature within the control box ranged from 45° to 52° C., 
and the temperature of the inside of the udder ranged from 36° to 
38^^. The air temperature in the slaughter room was approximately 
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at the time of slaughter and 4}^ at the end of the second post- 
mortem milking. 

Cow 253, a 9-year-old registered Holstein weighing 1,263 pounds, 
was slaughtered at 9.19 a. m. on June 11, 1928. Her best production 
record for one year was 16,405 pounds of milk and 628 pounds of fat, 
made at 5 years 8 months of age on three milkings daily. She had 
been lactating 14 months at the time of slaughter. Her udder was of 
medium to good size, medium shape, and excellent flexibility, but the 
tissue within was medium to hard and very fibrous. She had been 
fed and watered regularly and milked once daily at 9.15 a. m. for 
10 days, during which her production ranged from 19.3 to 22.5 pounds 
and averaged 21.25 pounds daily. The first shot from a 22-caliber 
rifle was not elective and the cow became violent. A second shot 
was effective, but her muscles became extremely tense. Bleeding 
and amputation of the udder followed as quickly as possible, but 64 
minutes elapsed between the time of shooting and the commencement 
of milking of the amputated udder. 

Hand milking yielded 12 55 pounds in the first and 2.90 pounds in 
the second post-mortem milWng, a total of 15.45 pounds or 72.71 per 
cent of the average quantity obtained at corresponding milkings 
during the previous 10 days. Eight minutes was required for drawing 
the major portion of the first post-mortem milk, after which the 
udder was massaged and stripped for 7 minutes. The second post- 
mortem milking required 8 minutes. During the previous 10 days 
the drawing of the major portion had required 8 to 9 minutes and 
averaged 8)2 minutes, and the temperature of the milk ranged from 
37° to 38° C. Subsequent massaging and stripping during the 10-day 
period yielded an average of 0.71 of a pound. The temperature of 
the milk of the first post-mortem milking was 34° for the major por- 
tion and 29)2° at the end of stripping; that of the second post-mortem 
milking was 32°. 

The temperature of the control box ranged from 45° to 52° C. 
The temperature of the inside of the udder was determined after 
the first, and again after the second post-mortem milking, and in 
each case was 38°. The air temperature was 17K° at the time of 
slaughter and 17° at the completion of the second post-mortem 
milking. 

Cow 443, a 9-year-old registered Jersey weighing 855 pounds, was 
slaughtered at 9.30 a. in. on June 12, 1928. Her best record of pro- 
duction for one year was 9,621 pounds of milk and 465 pounds of 
fat, made at 6 years 4 months of age on three milkings daily. She 
was in the seventh month of lactation when slaughtered. Her udder 
was large, of good shape, and very loose and yielding, but contained 
fibrous tissue of more than average mellowness. She had been kept 
on a regular schedule of feeding and watering and had been milked 
regularly once daily at 9.30 a. m. through a 10-day period, during 
which her milk production ranged from 14.6 to 19.5 poiinds and 
averaged 17.41 pounds daily. Death from shooting was almost instan- 
taneous and was accompanied bv little struggling, although the mus- 
cles became relatively tense. Bleeding and amputation of the udder 
followed in rapid succession and within 59 minutes from the time of 
shooting, the udder was placed in the temperature control box and 
milking was commenced. 
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Hand milking of the amputated udder yielded 11.85 pounds in the 
first and 3.35 pounds in the second post-mortem milking, a total of 
15.20 pounds or 87.31 per cent of the average quantity obtained in 
corresponding milkings during the previous 10 days. Twelve min- 
utes was required for drawing the major portion of the first post- 
mortem milk, after which the udder was massaged* and stripj)ed for 
four minutes. The second post-mortem milking required eight minutes. 
During the previous 10 days, the drawing of the major portion had 
required from 7 to 9 minutes and averaged 7.9 minutes, and the tem- 
perature of the milk ranged from 37° to 38° C. Subsequent massag- 
ing and stripping on these 10 days yielded an average of 0.72 of a 
pound. The temperature of the milk obtained at the first post-mortem 
milking was 34}^° for the major portion and 31° at the end of strip- 
ping. The temperature of the milk obtained at the second post- 
mortem milking was 32°. The temperature of the control box 
ranged from 40° to 60°. This wide variation was due to breakage of 
the heating coil. The temperature of the udder tissue after the 
second post-mortem milking was 37°. The air temperature w'as 19)2° 
at the time of slaughter and 22° at the time of the second post- 
mortem milking. 

Cow 255, a 9-year-old registered Holstein weighing 1,462 pounds, 
was slaughtered at 9.05 a. m. on February 1, 1929. Her best record 
of production for one year was 1 1,202 pounds of milk and 415 pounds 
of butterfat, made at 2 years 8 months of ago on three milkings 
daily. She was slaughtered 32 days after the last freshening. She 
had been kept on a regular schedule of feeding and watering, and 
had been milked once daily at 9 a. m. for 10 days, during which her 
milk production ranged from 23.1 to 29.2 pounds and averaged 25.8 
pounds daily. Her udder was of medium size, poor shape, very loose 
and mellow, and contained a medium quantity of mellow, fibrous 
tissue which was inclined to be stringy. Death from shooting was 
almost instantaneous and was accompanied by a minimum of strug- 
gling or tenseness of muscles. Bleeding and amputation of the udder 
followed, and 79 minutes after the cow was shot, milking in the 
temperature control box was commenced. 

Hand milking yielded 16.15 pounds in the first and 1.65 pounds in 
the second post-mortem milking, a total of 17.80 pounds or 68,99 per 
cent of the average quantity obtained at corresponding milkings dur- 
ing the previous 10 days. The milk was drawn easily and rapidly. 
Eleven and one-half minutes was reqiiired for drawing the major 
portion of the first post-mortem milk, after which the udder was 
massaged and stripped for an eaual period of time. Massaging and 
stnpping yielded only 1.1 pounds of milk. The second post-mortem 
milking required 1 1 minutes. During the previous 10 days the draw- 
ing of the maior portion of the milk had required from 9 to 11 minutes 
and averaged 10.2 minutes, and the temperature of the milk on the 
last 8 of these days had ranged from 34° to 36° C. Subsequent 
massaging and stripping during this 10-day period yielded an aver- 
age of 1.05 pounds. The temperature of the milk obtained at the 
first post-mortem milking was 33° for the major portion and 31^° at 
the end of stripping; that of the second post-mortem milk was 30°. 
The temperatm*e of the c.ontrol box ranged from 22 ) 2 ° when the udder 
was inserted to 50° at the time of final milking. The low temperature 
at the start resulted from an attempt to generate sufficient heat with 
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a small electric plate when the air temperature was —1° in the 
slaughter room. Soon after the udder was inserted a different heat- 
ing unit was used and the results were more satisfactory. The inside 
temperature of the udder at the end of the first post-mortem milking 
was 34}^°. This temperature increased steadily, reaching 38^*^ at 
the time of the second post-mortem milking. The air temperature 
in the slaughter room was 3° at 3.30 p. rn. 

COMPARISON OF RESULTS OBTAINED WITH THE TWO GROUPS OF 

COWS 

In the first group of cows studied an average of 61.10 per cent as 
much milk was obtained from the amputated udders as from the same 
uddei*s at corresponding milkings before death of the cows. The 
minimum post-mortem recovery for cows of this group was 40.31 per 
cent, and the maximum was 85.09 per cent. In the second group the 
average post-mortem recovery was 75.32 pe'r cent, with a minimum of 
62.07 and a maximum of 101.03 per cent. The average for both 
grou])s was 70.15 per cent. These values are obtained by dividing 
the sum of the percentages in a group by the number of cows in the 
group. Such a jnethod is permissible, as the work with each cow is 
considered as an independent experiment having equal importance 
with every other one. 

The average producing level for each cow was 3.47 pounds greater in 
the second group than in the first, and the (piantity of milk obtained 
from the amputated udders was 5.()1 ])ounds greater in the second 
group than in the first. If it were true that the milk in the udder at 
the beginning of milking re])resents only a small i)roportion of the 
quantity obtained at that milking, one would expect a greater per- 
centage of recovery from those amputated udders that had yielded the 
smaller quantities before death. Such, however, was not the case, as 
the amputated udders of the second or higher-producing groiqD of 
cows yielded not only a greater quantity but a greater proportion, as 
shown by the average post-mortem recoveries of 61.10 and 75.32 
per cent, respectively, for groups 1 and 2. Of the total ((uantity of 
milk recovered from the amputated udders, 81.94 per cent was ob- 
tained at the first post-mortem milking and only 18.06 per cent at the 
second . 

The percentages in Table 1 are, with one exception, based on the 
average production of each cow at corresponding milkings on the 10 
days immediately preceding slaughter. In general the production of 
milk during the preliminary 10-day period before slaughter was 
reasonably uniform, but in a few instances production was increasing, 
which tends to make the percentage showing post-mortem recoveiy 
higher than it would have been if only the last two days before 
slaughter had been used as a basis for comparison. In other instances 
the cow’s production was decreasing, and this resulted in the percentage 
showing post-mortem recovery being somewhat smaller than it would 
have been if the comparisons had been made on a 2-day basis. 

The post-mortem recovery has been computed also on the basis of 
the yield for the two days immediately preceding slaughter. (Table 
2.) The results are essentially the same whether the percentage of 
post-mortem recovery of milk from amputated udders is based on the 
milking level for the 10 days or for the two days preceding slaughter. 
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Table 2. — Relative post-mortem recoveries of milk from amputated udders^ calcu- 
lated on the basis of the production for the previous 10-day and May periods 


Group and number of cows 

Percentage 
of average 
quantity 
obtained 
on previous 
10-day 
I)eriod 

Percentage 
of average 
quantity 
obtained 
on previous 
2-day 
period 

Group 1, 4 c!ows - .. 

fil. 10 
75. 32 
70. 15 

61. 10 
76. 52 
70.27 

Group 2, 7 cows 

Groups 1 and 2 combined, 11 cows 



DISCUSSION 

The average recovery of milk obtained by milking the 11 amputated 
udders (70.15 per cent) was a much greater proportion of the ante- 
mortem yield than that indicated by the experiments of Gaines and 
Sanmann.(Jf) 

In contrast to the method of mUking one half of the udder before 
and the other half after slaughter, which was employed by Petersen 
and his associates, {6) the writers carefully avoided touching the 
udder or in any other way stimulating the giving down of the milk 
immediately before slaughter, except in the case of one of the first 
cows whose udder was examined for quality of tissue. 

Inasmuch as the changes in the manner of killing the cow and in the 
system of controlling the temperature of the udder after death were 
both introduced at the same time, the specific effect of each on the 
quantity of milk recovered from the amputated udders could not 
definitely be determined. Because of the brevity of the period be- 
tween killing the cow and commencing the first post-mortem milking, 
however, it would appear that controlling the temperatures could 
have had little opportunity to affect the quantity of milk recovered 
at that milking, and that the greater recovery from amputated 
udders in Group 2 as compared with that in Group 1 was due chiefly 
to the effect of changing the method of slaughter. It seems reason- 
able to assume, however, that during the 4-hour interval between the 
fimt and second post-mortem milkings the effect of temperature 
niight have been considerably greater than that of the method of 
killing on the total quantity of milk obtained. 

The high average recovery of milk from amputated udders (61.10 
per cent for Group 1, 75.32 per cent for Group 2, and 70.15 per cent for 
Groups 1 and 2 combined) , together with indications that in some cases 
milk remained in the udders after the second post-mortem milking, 
which, considering the shock and abnormal conditions incidental to 
slaughter, is not surprising, offer almost conclusive evidence that 
practically all the milk obtained at a milking is present in the udder 
when milMng is commenced. Reference to the possibility that the 
shock of slaughtering may have been partly responsible for the residue 
of milk observed in some of the udders after completion of the second 
post-mortem milking suggests the possibility of some mechanism 
which enables a cow to hold up her milk. This ability of some cows 
to withhold their milk under certain circumstances is well known. 
The nature of such a mechanism is not known, but many theories have 
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been advanced, of which the one expressed by Klein 4, 8 - 9 ) is 

particularly interesting. From the beginning of the study of this 
subject the writers' observations have indicated that milk secretion 
is a continuous process, except when it is interrupted or retarded by 
such factors as sickness, i^u^, or pressure in the udder resulting from 
accumulation of milk. This latter fact also explains why heavy- 
producing cows yield more milk when milked throe or four times daily 
then when milked only twice daily. The removal of the milk at 
shorter intervals prevents the development of sufficient pressure to 
check secretion and permits it to proceed at a uniform rate. It also 
is in accord with the common practice of drying off cows by allowing 
the milk to accumulate in the udder. In the drying-off process the 
pressure developed is evidently sufficient to stop secretion completely 
until the secreting cells cease to function. 

Since the milk is already stored in the udder when milking is com- 
menced, the importance of an adequate size and capacity of udder is 
obvious. 

It has been more or less generally assumed that if a residue of milk 
is left in the udder at milking time the production of the cow will be 
diminished if not completely arrested. The necessity for complete- 
ness of milking may be questioned, for even though the cow is thor- 
oughly milked at milking time the udder will again contain milk in a 
very short time. 

t'he fact that a number of investigators using different methods 
have reported data which lead to almost the same conclusions regard- 
ing the continuous secretion and storage of milk in the udder greatly 
strengthens the deductions outlined in a previous report { 9 )^ as well 
as those here presented. 

SUMMARY 

This paper discusses the individual performance of 1 1 cows arranged 
in two groups. The cows in Group 1 were felled by a blow on the 
head and their udders were pennitted to become chilled after death. 
The cows in Group 2 were killed by shooting and their udders were 
held at approximately blood temperature until after the second post- 
mortem milking was completed. 

The average recovery of milk from the amputated udders was 61.10 
per cent of the ante-mortem yield for Group 1, 75.32 per cent for 
Group 2, and 70.15 per cent for Groups 1 and 2 combined. 

Approximately 80 per cent of the total amount of milk recovered 
from the amputated udders was obtained at the first and approxi- 
mately 20 per cent at the second post-mortem milking. Exact figures 
showing the relation between the quantities obtained at the first and 
second post-mortem milkings are 79.50 per cent and 20.50 per cent for 
Group 1, 82.81 per cent and 17.19 per cent for Group 2, and 81.94 per 
cent and 18.06 per cent for Groups 1 and 2 combined. The relation 
between the recoveries of milk in the first and second post-mortem 
milkings is, therefore, almost the same in Group 2 as in Group 1. 
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COMPOSITION OF MILK OBTAINED FROM AMPUTATED 

COW UDDERS' 


By W. W. SwETT, Senior Dairy Husbandman; Fred W. Miller, Senior Veteri- 
narian and, Physiologist; and R. R. Graves, Chiefs Division of Dairy Cattle 
Breeding, Feeding, and Management, Bureau of Dairy Industry, United AStales 
Department of Agriculture ^ 

INTRODUCTION 

In an early report (7) ^ of the milk secretion studies which have been 
in progress for several years in the Bureau of Dairy Industry, United 
States Department of Agriculture, the quantity and composition of 
the milk obtained from two amputated cow udders was compared 
with that obtained from the same udders at corresponding milkings 
before the death of the cow. Another paper ( 8 ), dealing with quantity 
of milk, gave a similar comparison of the results obtained with 11 
cow udders and showed that most, if not all, of the milk obtained at 
a milking is present in the udder when milking is commenced. The 
results given also indicated that milk secretion is a continuous process 
except when it is interrupted or slowed down by such factors as 
sickness, injury, or pressure in the udder resulting from the accumula- 
tion of milk. 

The milk obtained from the two amputated udders (7), as compared 
with that obtained at the last two corresponding ante-mortem milk- 
ings, differed more in butterfat than in any other constituent. In 
the milk drawn at the first ])ost-mortem milking, which took place 
as soon as possible after amputation of the udder, and in the milk of 
the second post-mortem milking, performed four hours later, the 
butterfat test averaged approximately 61 and 26 per cent, respectively, 
as high as it did in the milk obtained at the last two corresponding 
ante-mortem milkings. This reduction in butterfat in the milk 
obtained after death was attributed to the fact that the amputated 
udders were allowed to become chilled and that, as a result, some of the 
butterfat may have solidified and adhered to the lining of the ducts. 

The percentage of total solids in the milk obtained from the first 
two cows (7) showed a steady decline from the ante-mortem to the 
first post-mortem and the second post-mortem milkings. The per- 
centage of solids not fat was slightly higher in the milk from the first 
post-mortem milking than in the ante-mortem milk, but it was lower 
in the milk from the second post-mortem milking than in either the 
ante-mortem or the first post-mortem milk. The percentage of ash 
increased steadily from the ante-mortem to the second post-mortem 
milking. The percentage of total protein was less consistent but 
showed a very slight upward trend from the ante-mortem to the first 
post-mortem milking, and a somew^hat greater downward trend from 
the first to the second post-mortem milking, with the second post- 
mortem slightly lower in percentage of total protein than the ante- 


I Received for publication, Feb. 4 , 1932; issued October, 1032. 

* Acknowledgment Is made to L. A. Rogers and his associates In the research laboratories, Bureau of 
Dairy Industry, for analyses of milk samples. 

* Reference is made by number (Italic) to Literature Cited, p. 418. 

Journal of Agricultural Research, Vol. 45, No. 7 

Washington, D. C. Oct. 1, 1932 

Key No. l-Il 


a34418-~32 2 


(401) 



402 


Journal of Agricultural Eeaearch 


Vol. 46, No. 7 


mortem milking. The percentage of lactose showed a moderate 
upward trend from ante-mortem to first post-mortem and a sharp 
decline from first to second post-mortem milking. 

DISCUSSION OF WORK OF OTHER INVESTIGATORS 

Gaines and Sanmann {1 ) concluded that at the time of milking there 
is present in the udder of the cow a quantity of milk in excess of that 
obtained upon milking. This conclusion was based on the fact that 
they were able to recover a greater quantity of lactose from the 
hashed, amputated udder and its contents than from the milk obtained 
from the same udders at corresponding ante-mortem milkings. 
Similarly, Gowen and Tobey {2) were able to recover from 16 of 20 
udders studied, more than enough lactose to account for the quantity 
of milk obtained at corresponding milkings before death. The con- 
clusions of Gowen and Tobey appear to be essentially the same as 
those of Gaines and Sanmann. The conclusions drawn by both of 
these groups of investigators, however, seem to be based on the as- 
sumption that the lactose content of milk is stable and that the re- 
covery of lactose from the amputated udder indicates the presence of 
milk having the same lactose content. In a later publication Gowen 
and Tobey (5) showed that, at the time of milking, there are also 
sufficient quantities of fat, ash, and nitrogen to more than account for 
all the milk produced. Their earlier deductions are greatly streng- 
thened by evidence that the nonlactating udder does not contain 
any lactose. 

Ragsdale and his associates {6) working with two amputated udders, 
obtained 36.50 per cent and 57.96 per cent of the quantity of milk 
obtained at corresponding ante-mortem milkings, but only 15.90 

E er cent and 46.44 per cent, respectively, of the normal amount of 
utterfat. This would indicate that in the first case the butterfat 
test of the post-mortem milk was only 43 per cent as high, and in the 
second case only 80 per cent as high as that of the ante-mortem milk ; 
an average for the two of slightly more than 60 per cent. 

Petersen (4, p. H3) reported that “post-mortem milks are normal 
in all respects except their fat content, which is low.^' Petersen, 
Palmer, and Eckles («5, p. 579) reported that “in every case the fat 
percentage and total yield of fat in the post-mortem milkings are 
noticeably smaller than in the in-vivo milkings.” They also made 
the interesting observation that when the post-mortem milking was 
sampled as the milking progressed, the fat percentage rose to a maxi- 
mum and then dropped almost to the level of the first portion. The 
weighted average tests for the six cows included in their study were 
4.83 per cent for the ante-mortem milking of the left gland, and 3.12 
per cent for the post-mortem milking of the left gland. The average 
test of the post-mortem milk from the left half of the six udders was, 
therefore, 64 per cent as high as the test of the ante-mortem milk 
from the left half of the same udders. Their post-mortem recovery 
51.8 per cent as much total butterfat in the left half of the six 
udders as in the left half of the same udders at corresponding ante- 
morteni milkings, and their 80,3 per cent recovery of milk on the same 
basis, also indicate a test 64 per cent as high in the post-mortem as in 
the ante-mortem milk. It is interesting that the relation of the post- 
mortem to ante-mortem test observed by Petersen, Palmer, and 
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Eckles is almost the same as that reported by Ragsdale and his 
associates. 

In contrast to all of the results discussed, are those obtained by 
Olson and Copeland.^ Their average butterfat tests of ante-mortem 
milk, first post-mortem milk, and second post-mortem milk or strip- 
pings were 3.73, 3.55, and 6.48 per cent, respectively. In their work 
the first post-mortem milk tested nearly as high in butterfat as did 
the ante-mortem milk, and the second post-mortem milk tested 
nearly twice as high as the first post-mortem milk. 

CONDUCT OF EXPERIMENT 

As shown in a previous paper (5), the cows used in these experi- 
ments were put on a uniform schedule of feeding, watering, and 
luilking, which, except in one case, was continued for 10 days. Dur- 
ing this preliminary period the lactating level of each cow was deter- 
mined. The composition of the ante-mortem milk was determined 
from samples taken on the two days immediately preceding slaughter. 

As previously reported (^), the 11 cows used in those tests were 
divided into two groups. Group 1 includes the first four cows studied. 
These were were killed by a blow on the head, and they became more 
or less violent at the time of death. Their udders were allowed to 
remain in the abattoir and become chilled before the post-mortem 
milking was completed. Group 2 includes seven cows which were 
studied after the program of control had been better standardized. 
Each of the seven ^yas Idlled by shooting, and in nearly every instance 
death was almost instantaneous. The udders of the seven cows in 
Group 2 were kept in a control box at approximately blood tempera- 
ture until after the post-mortem milking was finished. 

The quantity of milk obtained in post-mortem milkings of the 
ampiitated udders of 1 1 cows was shown in Table 1 of a previous 
paper (8) to average 70.15 per cent of the quantity obtained at cor- 
responding milkings before death. The average recovery for the 
first four cows was 61.1 per cent, but the average recovery for the 
next seven cows, kept and slaughtered under more carefully con- 
trolled conditions, was 75.32 per cent of the ante-mortem yield. The 
report explains that the cows were slaughtered at the exact hour of 
the day on which the ante-mortem milking had taken place, and that 
the milk was drawn in 2 separate milkings, 1 as soon as possible 
after the amputation of the udder, and 1 four hours later. 

Samples of the milk obtained at milkings 48 and 24 hours before 
slaughter, as well as of the milk obtained at both post-mortem milk- 
ings, were taken for analysis. The percentages of total solids, ash, 
and total protein were determined by chemical analysis; the per- 
centage of butterfat was determined oy the Babcock method; and 
the percentages of solids not fat and of lactose were calculated from 
the analyses obtained. 

The average composition of the milk obtained during the last two 
days before daughter was used as a basis for comparing the composi- 
tion of the milk from the first and second milkings of the amputated 
udders. The quantity of milk obtained on the last two days before 
slaughter varied only slightly for each cow. Therefore, the average 
percentage of any constituent in the two ante-mortem samples from 

* Olson, T. M., and Copeland, L. Unpablished data on file at the South Dakota Agricultural Ezporl* 
ment Station. 
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any cow can be determined with sufficient accuracy by adding the 
percentages for the two samples and dividing the total by two. The 
averages which appear in column 2 of Tables 1 to 5, inclusive and 
Table 7, were obtained in this manner. The relative percentages 
given for each cow in the fifth and sixth columns of these tables 
were obtained by dividing the figures in columns 3 and 4, respectively, 
by the corresponding figures in column 2. The average percentages 
for Group 1, Group 2, and Groups 1 and 2 combined were obtained 
by adding the percentages for all cows in the group and dividing each 
total by the number of cows in the group. 

COMPOSITION OF MILK OBTAINED FROM AMPUTATED UDDERS 

AS COMPARED WITH THAT OBTAINED AT CORRESPONDING 

ANTE-MORTEM MILKINGS 

TOTAL SOLIDS 

Table 1 gives the percentages of total solids in the milk obtained 
before slaughter and in that obtnincd from the amputated udders. 
In the results for every cow in Group 1, the percentage of total solids 
in the milk obtained at the first post-mortem milking was lower than 
that in the ante-mortem milk, and was still lower in the second post- 
mortem milk than in the first post-mortem milk. With one exception, 
the results for the cows in Group 2 showed a similar tendency, although 
the decline from the first to the second post-mortem milking was 
considerably less marked. The exception noted was so noticeably 
out of line with the other results that it was undoubtedly an error. 
The data for cow 253 were, therefore, omitted from the averages for 
Group 2 and for Groups 1 and 2 combined. Immediately beneath 
these averages are given the corresponding ones which include all 
the data for this cow. The percentage of total solids in the milk was 
in every instance distinctly lower for the first post-mortem milk 
than for the ante-mortem milk, and with one exception was still 
lower for the second pdst-niortem than for the fii*st post-mortem milk. 

Table 1. — Percentages of total solids in viilk obtained from the same udders before 
death of the cow and after death and amputation of the udder 


Oroup and cow No, 



Ante-nior- 
tem milk- 
ings (aver- 
age for 2 
(lays) 

First post- 
mortem 
milking 

Second 

post- 

mortem 

milking 

First post- 
mortem 
value as 
l)ercentage 
of ante- 
mortem 
value 

Second 
post-mor- 
tem value 
as percent- 
age of ante- 
mortem 
value 

Group 1 ; 

469 



14.68 

13.88 

10. 23 

94. 66 

69. 69 

292 



10. 83 

9.61 

7.88 

88.73 

72. 76 

123 , 



14.'23 

12. 37 

10.20 

86. 93 

71.68 

272 .. 



12.86 

10. 86 

9.19 

84.37 

71.46 

Average , . 


... 

13.16 

11.68 

9.38 

88. 66 

71.40 

Group 2: 

846. 



13. 26 

11.09 

11.00 

88. 16 

82. P6 

WKL 



13.26 

10.74 

10. 12 

' 81.06 

76.38 

811 .. 



12.38 

10.43 

9. 73 

84. 25 

78.69 

267. - 



10.69 

8. 71 

7.79 

81.48 

72.87 

263 


... 

12.14 

10.62 

• 14. 36 

86. 66 

« 118.20 

443 




13.17 

11.26 

11.23 

86. 42 

86. 27 

265 


.... 

10.83 j 

9.46 

9.37 

87. 36 

86.62 

Average . , 


... 

/ M2.26 

1 M2. 26 

laSB 

10.40 

9.87 

10.61 

84.62 

84.91 

80. 43 
86. 83 

Average for Groups 1 and 2.. 

— 


/ *12.62 

\ 12. 67 

10.90 

10.86 

9.67 
10, 10 

86. 2? 
8.6. 27 

?rH2 

80.68 


• Appareutly an errw. fc Data for csow 263 excluded. • Data for cow 263 included. 
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BUTTERFAT 

The butterfat percentages are presented in Table 2. The milk from 
every cow in Group I showed a lower percentage of butterfat in the 
first post-mortem milk, and a still lower percentage in the second 
post-mortem milk, than in the ante-mortem milk. The butterfat 
percentages for the milk obtained at the first and second post-mortem 
milkings averaged only 57.29 and 27.45 per cent as high, respectively, 
as that of the ante-mortem milkings. The milk from the second post- 
mortem milking averaged only 47.9 per cent as high in percentage of 
butterfat as the milk obtained at the first post-mortem milking. 
In other words, the percentage of butterfat was reduced almost one- 
half in the first, and again almost one-half in the second, post-mortem 
milk. The reduction from ante-mortem to second post-mortem milk 
was fairly uniform for the four cows in the group. The fact that no 
effort was made to maintain body temperature within the amputated 
udders strengthens the assumption that* a lowering of the udder 
temperature might have been to some extent responsible for the de- 
crease in percentage of butterfat in the milk obtained from the 
amputated udders, particularly the decrease from the first to the 
second post-mortem milking. 


Table 2. — Percentages of hutterfal in milk obtained from the same udders before 
death of the cow and after death and amputation of the udder 


Oroui) and cow No. 

Ante-mor- 
tem milk- 
ings (aver- 
age for 2 
clays) 

First post- 
mortem 
milking 

Second 

post- 

mortem 

milking 

First post- 
mortem 
value as 
percentage 
of ante- 
mortem 
value 

Second 
post-mor- 
tem value 
as percent- 
age of ante- 
mortem 
value 

(Iroup 1: 






459 

5.74 

4.50 

l.(K) 

78. 40 

27. 87 

292- - 

2.93 

1.28 

.70 

43.69 

23.89 

123 

5.43 

3. 20 

1.80 

58. 93 

33. 15 

272 - 

3.74 

1.80 

.93 

48. 13 

24. 87 

Average 

4.46 

2.70 

1.26 

57. 29 

27. 45 

Uroup 2: 






84fi ... 

4.08 

2. 70 

2. 93 

66. 18 

71.81 

m 

4.08 

MW 

2.20 

47. 30 

53. 92 



3.70 

1.80 

1.73 

48. 65 

46. 76 

267 

2. 83 

1.24 

1.33 

43. 82 

47. (K) 

253-- - 

3.64 

2. 10 

1.70 

57. 69 

46. 70 

443 - - 

4.24 

2. (X) 

2. 83 

47. 17 

r»6. 75 

265 

3. 34 

1.73 

2. 60 

61.80 

77.84 

A verage 

3.70 

I. 93 

2. 19 

51.80 

58. 68 

Average for Groups 1 and 2 

3.98 

2.21 

T85 

53.80 

47.32 


The amputated udders of the cows in Group 2 were all kept in the 
temperature-control box until after the second post-mortem milking 
was finished. The results for this group differ considerably from 
those for Group 1. In every instance the percentage of butterfat 
in the first post-mortem milk was lower than that in the ante-mortem 
milk, avera^g 51.80 per cent as high as that in the ante-mortem 
milk. To this extent the results were similar to those for Group 1, 
as the percentage of butterfat was reduced almost one-half. The 
relation between the butterfat percentages in the first and second 
post-mortem milks for Group 2, however, was very different from 
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that shown for Group 1. The mUk from five of the seven cows in 
Group 2 showed a higher percentage of butterfat in the second post- 
mortem than in the first post-mortem milking. For the other two 
cows the reverse was true. Averages for Group 2 show that the 
butterfat test® was 51.80 per cent as high in the first, and 58.68 per 
cent as high in the second post-mortem milk as in the ante-mortem 
milk. In other words, the decrease in the percentage of butterfat 
between the ante-mortem milk and the first post-mortem milk ob- 
tained from the cows in Group 2 was similar to the corresponding 
decrease shown for the cows in Group 1, but the second post-mortem 
milk from the cows in Group 2 showed a higher percentage of butterfat 
than the first post-mortem milk from the cows in that group. 

As previously stated, the chilling of the amputated udders of the 
cows in Group 1 appears to have been partly, if not entirely, respon- 
sible for the reduction in the butterfat test between the first and 
second post-mortem milkings, since this reduction did not occur when 
the udders were kept warm. The tendency for a reduction in the 
butterfat test between the ante-mortem and the first post-mortem 
milk, however, was not overcome or materially influenced by con- 
trolling the temperature of the udder after its amputation. 

Since the decreases in percentage of butterfat in the post-mortem 
milk obtained from udders in Group 2 were distinctly different from 
those obtained in Group 1, and since these differences in the two 
series can be accounted for by differences in the temperature at which 
the udders were held after amputation, the combined averages for 
Groups 1 and 2 in Table 3 may not be particularly significant. The 
results for Group 2, however, were obtained under controlled condi- 
tions, are reasonably consistent, and should be significant. These 
results, together with the combined results in both groups, indicate 
that the butterfat test of milk obtaihed from amputated udders is 
onlv about half as high as that of the milk obtained from the same 
udders before death. 

* SOLIDS NOT FAT 

In general, the percentages of solids not fat in the milk obtained 
from cows in Group 1 were higher in the first post-mortem milk than 
in the ante-mortem milk. (Table 3.) This was true in three of the 
four cases studied. In each of the four the percentage of solids not 
fat in the milk from the second post-mortem milking was lower than 
in the milk of either the ante-mortem or the first post-mortem milk- 
ing. On an average, the percentages of solids not fat in the milk 
obtained at the first and second post-mortem milkings were 103.45 
and 93.36 per cent, respectively, of the percentages found in the ante- 
mortem milk. 

»“ Butterfat test" and “percentage of butterfat" are used interchangeably. 
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Table 3. — Percentages of solids not fat in milk obtained from the same udders before 
death of the cow and after death and amputation of the udder 


<3 roup and cow No. 

Ante-mor- 
tem milk- 
ings (aver- 
age for 2 
days) 

First post- 
mortem 
milking 

Second 

post- 

mortem 

milking 

First post- 
mortem 
value as 
percentage 
of ante- 
mortem 
value 

Second 
post-mor- 
tem value 
as percent- 
age of ante- 
mortem 
value 

Group 1: 






459 - 

8.94 

0. 38 

8.63 

104. 92 

96.53 

292 - . 

7.90 

8. 33 

7,18 

105. 44 

90.89 

123 - 

8.80 

9. 17 

8.40 

104.20 

95.45 

272 

9.12 

9.05 

8.20 

99.23 

90.57 

Average 

8.69 

8.98 

8.12 

103. 45 

93. 36 

Group 2: 



8.07 



846 - - - 

9.18 

8.99 

97. 93 

87.91 

903 - 

9.17 

8.81 

7. 92 

96.07 

86.37 

811 - - 

8.68 

8.63 

8.(K) 

99.42 

92.17 

257 

7.86 

7.47 

6.46 

95.04 

82.19 

2.')3 

8.50 

8. 42 

* 12. 65 

99.06 

® 148. 82 

443 

8.93 

9.25 

8.40 

103. 58 

94.06 

266... 

7.49 

7. 73 

0.77 

103.20 

90. 39 

Average 

f fc 8. 55 

\ «8.54 

8. 48 

7.60 

99.21 

88. 85 

8.47 

8. 32 

99. 19 

97.42 

Average for Groujis 1 and 2 

/ fc8.61 
\ «8.60 

8.68 

8.66 

7. 81 
8.25 

100. 90 
100.74 

90. 65 
95. 94 


« .\n|)nrently an error. > Bata for c(»w 25.3 excluded. « Data for cow 253 included. 


For Group 2, however, the results were slightlj’’ different. The 
first post-mortem milk averaged almost the same as the ante-mortem 
milk in percentage of solids not fat. For five of the cows the per- 
centages of solids not fat were slightly lower and for two they were 
slightly higher in the first post-mortem than in the ante-mortem milk. 
The percentages of solids not fat in this group also were decidedly 
lower in the second post-mortem than in either the ante-mortem or 
the first post-mortem milk. This was true in six of the seven cases. 
The only exception in this group was in the case of cow 253, for which 
the discrepancy in total solids already has been noted. Since the 
percentages of solids not fat were determined by substracting the 
percentages of butterfat from the percentages of total solids, any 
outstanding discrepancy in the latter would be correspondingly great 
in the percentages of solids not fat. The averages for solids not fat 
have, therefore, been treated the same as in the case of the total 
solids. (Table 1.) The averages w^hich include the data for cow 253 
are given in Table 3 immediately beneath the other averages. 

The downward trends in percentage of solids not fat from the first 
post-mortem to the second post-mortem milk in Groups 1 and 2 are 
similar. On an average, the actual percentage of solids not fat in the 
second post-morten milk was 0.86 per cent lower than that of the first 
post-mortem milk for Group 1, and 0.88 per cent lower for Group 2. 
The average figures showing the relation between the solids not fat 
in the post-mortem and ante-mortem milk are both lower for Group 2 
than for Group 1. In general, the first post-mortem milk had almost 
the same percentage of solids not fat as the ante-mortem milk, but 
the second post-mortem milk contained onlv about 90 per cent as 
high a percentage as the ante-mortem milk. Controlling the tempera- 
ture of the udder did not prevent a reduction between the first and 
second post-mortem of about 10 per cent in percentage of solids not fat. 
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ASH 

The percentage of ash showed a definite and consistent upward 
trend through the post-mortem milkings. (Table 4.) In every 
instance in both groups, the percentage of ash was hi<^her in the first 
post-mortem than in the ante-mortem milk, and was still higher in the 
second than in the first post-mortem milk. 


Table 4. — Percentages of ash in milk obtained from the sarne udders before death of 
the cow and after death and amputation of the udder 


Group and cow No. 

Ante-mor- 
tem milk- 
ings (aver- 

First post- 
mortem 

Second 

post- 

mortem 

milking 

First post- 
mortem 
value as 
percentage 

Second 
po.st-mor- 
tem value 
as percent- 

age for 2 
days) 

milking 

of ante- 
mortem 
value 

age of ante- 
mortem 
value 

Group 1 : 






469 

0. S3 

0. 88 

0. 91 

JOfi. 02 

113,26 

292 . , 

.7.6 

. 78 

.82 

104. 00 

109. 33 

123 , . 

. 74 

.80 

.89 

108. 1 1 

120. 27 

272. 

. 7<> 

.79 

.85 

103. 96 

111.84 

Average... . . 

.77 

.81 

.88 

106. 62 

113.07 

Group 2: 

84fi - - 

.78 

.79 

.83 

101.28 

106.41 

903 

.77 

.78 

.86 

101. 30 

no. 39 

811 

.74 

.79 

.80 

103. 70 

110.22 

267 .. 

.74 

.78 

.82 

106.41 

no. 81 

253 

.77 

.82 

.80 

100. 49 

111.09 

443 . - 

.78 

.81 

.87 

103.86 

111.64 

256 

.74 

.80 

.87 

108.11 

117,57 

Average 

.76 

.80 

.86 

104.74 

112.09 

Average for Groups 1 and 2 

.7« 

,80 

.80 

106.03 

112. 67 

. 

' 

. _ . 





TOTAL PROTEIN 

For every individual in Group I the percentage of total protein in 
the first post-mortem milk was as great as that in the ante-mortem 
milk, or slightly greater. (Table 5.) In every instance, however, 
it was smaller in the second post-mortem milk than in the first. 


Table 6. — ^Percentages of total protein in milk obtained from the same udders before 
death of the cow and after death and amputation of the udder 


Group ami cow No. 

Ante-mor- 
tem milk- 
ings (aver- 
age for 2 
days) 

First i)ost- 
inortem 
milking 

Seciond 

post- 

mortem 

milking 

First post- 
mortem 
value as 
percentage 
of ante- 
mortem 
value 

Se(!ond 
post-mor- 
tem value 
as percent - 
age of ante- 
mortem 
value 

Group 1: 

459-.,. 

3,01 

2.36 

3.21 

3.31 

3.79 

2.35 

3.22 

3.39 

3.63 
2.09 
3. 19 
3.22 

104.99 
100.00 
100.31 
102. 42 


292 

123... 

272. 

Average 

Group 2: 

846. . 

3.12 

3. 19 

3.03 1 

101. 93 

96.54 

4.03 

4.69 

4.00 
4. 51 

3.69 

4.10 

99.26 
96. 16 

89.08 
87. 42 

903 

811 

257 - 

2.63 
3.37 
3. 32 

2 .eo 

2.60 
3. 60 
3.39 
2.72 

2.47 

98.86 
100.82 
102.11 
104. 62 

93.92 

263 . . 

443 . 

3. 10 
2.66 

96.08 
102. 31 

256 

Average 

‘‘3.46 

>3.44 

3.44 

3.47 

3.20 

3.20 

100.20 
101. 81 

93.76 

93.76 

Average for Groups l and 2 

1 » 3. 31 

1 ‘3.31 

3.33 

3.36 

3.13 

3.13 

100.97 

101.66 

96.00 

96.00 



» Data for cow 253 excluded. > Data for cow 253 included. 
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In Group 2 the total protein content was not determined for any of 
the samples from cow 811 or for the second post-mortem milk from 
cow 263. The average percentages showing the relation of total 
protein in post-mortem and ante-mortem milk, when based on com- 
plete data for the five cows in Group 2, are almost the same as for 
those in Group 1. The percentage of total protein in the first post- 
mortem milk appeared to he approximately normal, whereas that of 
the second post-mortem milk was slightly below normal. This 
relationship was not materially affected by controlling the tempera- 
ture of the amputated udders. 

As previously stated, the butterfat test showed a downward trend 
from the ante-mortem to the first post-mortem milking. From the 
first post-mortem to the second post-mortem milking the trend was 
sharply downward for Group 1, upward for Group 2, and slightlv 
downward when the averages for Groups 1 and 2 were combined. 
The percentage of total protein was relatively uniform in the three 
milkings. Under these circumstances the fat-protein ratio, which is 
determined by dividing the percentage of l)uttej’fat by that of the 
total protein, would of necessity follow a trend similar to that of butter- 
fat. The fat-protein ratio, which usually is fairly stable in cows' milk, 
has been determined for the ante-mortem and for the first and second 
post-mortem milk from each cow, by dividing the percentage of 
butterfat by that of the total protein. The results are given in Table 6. 
The milk from every cow in the first group showed a decline in the fat- 
protcin ratio from the ante-mortem to the first post-mortem milking, 
and an additional decline from the first post-mortem to the second 
post-mortem milking. 

Table 6 . — Fat-protein ratios for milk obtained from the same udders before death of 
the cow and after death and amputation of the udder 


Oroup and cow No. 

-\nte-nior- 
tem milk 

First post- 
mortem 
milk 

Second 

];M)sUnortein 

milk 

(iroiip 1: 

459 - 

1.590 
1.247 
1. 692 
1. 130 

1.187 

.545 

.m 

..531 

0.441 

.335 

.564 

.289 

292 

123 

272 - . - 

1.415 

.814 

.407 

Oroup 2: 

849 - 

1.012 

.870 

.675 

.428 

. 816 
.537 

257 - 

1.076 
1. 080 
1. 277 

1. 285 

.477 
. 583 
.590 
.636 

.M8 

263 

443 - 

255 - - - 

.887 

.977 

Average - 

1/ “1.104 

1 M.lOO 

.561 

.565 

.751 

j .751 

Average for Groups 1 and 2 . 

7 “1.242 

\ ^ 1. 226 

.674 
. 665 

.598 

.598 



« Data for cow 253 excluded. *• Data for cow 253 included. 


In Group 2 the data are somewhat different. The milk from every 
cow in this group for which complete data are available showed a 
decline of almost one-half in the fat-protein ratio from the ante-mortem 
to the first post-mortem, but an increase from the first to the second 
post-mortem milking. In the case of cow 811 the ratios could not be 
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determined, and in the case of cow 253 the ratio for the second post- 
mortem milk was not available. 

LACTOSE 

The percentage of lactose in the milk was determined by subtracting 
the sum of the percentages of fat, ash, and total protein from the 
percentage of total solids.® Variations in lactose percentages were less 
consistent than for the other constituents. In Group 1 there was a 
strong tendency for the lactose content to be high in the first and low 
in the second post-mortem milk. (Table 7.) The average percentage 
of lactose in the first post-mortem nulk was 103.91, whereas that in 
the second post-mortem milk was only 87.81 per cent as high as that 
in the ante-mortem milk. 


Table 7 . — Percentages of lactose in milk obtained from the same udders before 
death of the cow and after death and amputation of the udder 






First post- 

Second 


Ante-mor- 


Second 

post- 

mortem 

milking 

mortem 

post-mor- 


tein milk- 

Fittst post- 

value as 

tern value 

Group and cow No. 

ings (aver • 

mortem 

percentage 

as percent- 

age for 2 

milking 

of ante- 

age of ante- 


days) 


mortem 

mortem 




value 

value 

Group 1: 






469 - - 

4.50 

4. 71 

4.06 

104. 67 

00.22 

292 

4.80 

6.20 

4. 27 

108. 33 

88. 96 

123 - 

4.86 

6. 16 

4. 32 

106. 19 

89.07 

272 - 

6.05 

4.87 

4. 19 

96. 44 

82. 97 

Average - 

4.80 

4.98 

4. 21 

103. 91 

87. 81 

Group 2: 







846 - 

4.37 

4.20 

3. 65 

96.11 

83. 52 

903 - .. .. 

3.71 

3. 52 

2.97 

94. 88 

80. 06 

811 






257 

4.49 

4.09 

3. 17 

91.09 

i 70. 60 

263 

4.36 

4.00 


91. 74 


443 

4.83 

6.06 

4.34 

10*1. 55 

89.’ 86 

2,55 

4.15 

4.21 

3.24 

101. 45 

78. 07 







Average , 

/ •4.31 

1 M.32 

4. 21 

4. 18 

3.47 
3. 47 

* 97. 62 

96.64 

80. 42 
80. 42 

Average for Groups 1 and 2- 

r •4.63 

1 *4. .51 

4.66 

4.60 

3.80 

3.80 

100.41 

99.55 

83. 70 
83. 70 


« Data for cow 253 excluded. t Data for cow 263 included. 


In Group 2, Table 7, the omissions for percentage of lactose are 
the same as for those of total protein in Table 5, and the averages 
are treated in the same manner. There was no upward trend in 
percentage of lactose from the ante-mortem to the first post-mortem 
milk, but the downward trend from the first to the second post- 
mortem milk was similar to that for Group 1. The percentage of 
lactose in the ante-mortem milk in Group 2 in general was lower than 
for Group 1 . The lactose content of both the first and second post- 
mortem milk was not only lower for Group 2 than for Group 1, but 
was lower than that of the ante-mortem milk in Group 2. 

In the combined averages for Groups 1 and 2, the first post-mortem 
milk appeared to be sinular to the ante-mortem milk in percentage 
of lactose, but the second post-mortem milk was distinctly low in 

* In subsequent analyses of ante-mortem milk and of the first and second post-mortem milks obtained 
from three other amputated udders, both the deduction method and the polariscope were used in determin- 
ing the lactose content. A downward trend from ante-mortem to first and second post-mortem milkings 
was shown, and it was somewhat more pronounced than the average for the 1 1 cows herein reported. When 
the deduction method was employed the percentages of lactose in the first and second post-mortem milk- 
ing| trere, respectively, 90.0 and 75.0 per cent as high as in the ante-mortem, whereas the percentages of 
lammt as d^rmined with the polariscope were, respectively, 03.1 and 67.1 per cent as high as in the ante- 
mchtcDtu htilK* 
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lactose. By groups, the quantitative reductions in percentages of 
lactose in the milk from the first to the second post-mortem milkings 
did not differ materially, but the reduction from the ante-mortem to 
the second post-mortem was considerably greater in Group 2 than 
in Group 1. In the former case they are 0.77 and 0.74 per cent, 
respectively, for Groups 1 and 2. In the latter case they are 0.59 
and 0.84 per cent, respectively, for Groups 1 and 2. 

SUMMARY OF ANALYSES 

A summary of the data in Tables, 1, 2, 3, 4, 5, and 7 is presented 
graphically in Figure 1. Six separate graphs show the relation of 
the percentages of total solids, butterfat, solids not fat, ash, total 
protein, and lactose in the milk obtained at the first and second 
post-mortem milkings, to those in the milk obtained at corresponding 
ante-mortem milkings. The 100 per cent line represents the average 
composition of the ante-mortem milk, with which all other analyses 
arc compared. 

QUANTITY OF BUTTERFAT RECOVERED FROM AMPUTATED 

UDDERS AT AND SUBSEQUENT TO THE FIRST TWO POST- 
MORTEM MILKINGS 

The greatest difference between the ante-mortem and the post- 
mortem milk was in the percentage of butterfat. On an average, 
the butterfat test of the post-mortem milk was only about half as 
high as that of the ante-mortem milk. This low test, together with 
the fact that only about 70 per cent of the milk was recovered, could 
only result in the recovery of a relatively small quantity of butterfat. 

Table 8 gives for each cow, (1) the average quantity of butterfat 
in the ante-mortem milkings on the two days immediately before 
slaughter; (2) the total quantity of butterfat in both post-mortem 
milkings; and (3) the relation which the latter bears to the former 
expressed in terms of percentage. 


Table 8. — Quantity of butterfat recovered from amputated uddera in two post-mortem 
milkings y expressed as percentage of ante-mortem yield 


Oroup and cow No. 


Group 1: 

469 

292 

123 

272 

Average 
Group 2: 

846 


811. 

267. 

253. 

443- 

265. 


Average 


Average for Groups 1 and 2. 



Quantity of butterfat in post-raor- 

Proportion 
of ante- 
mortem 
yield re- 
covered in 
post-mor- 
tem milk- 

Average 
<iuantity of 

tern milkings 

butterfat in 
ante-mor- 
tem milk 

First 

Second 

Total 





ings 

Pound 

Pound 

Pound 

Pound 

Per cent 

0.6620 

0. 4140 

0. 0171 

0. 4311 

65. a3 

.6819 

.0986 

.0203 

.1189 

17. 44 

.6661 

.1888 

. 0234 

. 2122 

38. 16 

.8284 

. 1170 

.0214 

. 1384 

16. 71 

f .6823 

.2046 

.0206 

.2252 

« 34. 34 
‘ 33. 00 





.7477 

.4158 


.5126 

68.54 

.6357 

. 1737 

. 0572 

.2309 

36. 32 

.6444 

.1602 

.0138 

.1740 

31.96 

.7451 

.1600 

.0432 

. 1932 

26.93 

.7918 

.2636 

.0493 

.3129 

39.52 

.7992 

.2370 

.0948 

.3318 

41.62 

.7764 

.2794 

.0429 

.3223 

41.51 

f .7200 

.2400 

.0568 

.2968 

® 40. 76 
Ml. 22 





1 .7063 

.2271 

.0436 

.2707 

- 38. 42 
>38.33 


• Average of percentages. 

* Pounds recovered post-mortem divided by imunds recovered ante-mortem. 
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The low butterfat test and the consequent small quantity of butter- 
fat recovered in the milk drawn from amputated udders, regardless 
of whether the udders were kept at blood temperature or allowed to 
become chilled, caused considerable speculation. Believing that a 
residue of butterfat might have remained in the amputated udder 
after post-mortem milking, the writers attempted to recover additional 
quantities through the use of solvents. It was believed that failure 
to recover fat in a solvent that had been injected through the teat 
into the secretory system of an udder and subsequently drawn out, 
should indicate that the tissues had not been affected and that the 
recovery of fat in solvents removed from lactating udders could be 
considered as butterfat. 

The first preliminary trial was conducted with a nonlactating udder. 
Petroleum ether was introduced through the teats into the secretory 
system of two quarters of the udder. Removal of the solvent from 
one quarter was commenced five minutes after injection had ceased. 
From the other quarter the removal was commenced immediately. 
More than 2 gallons of the solvent was introduced into the two quar- 
ters, but after persistent manipulation of the udder only 1 i)int, ap- 
proximately, was recovered from each quarter. It appeared that, 
because of the volatility of this solvent, some of it permeated the 
tissues and escaped, but that the greater part was held within the finer 
divisions of the secretory system. Analysis showed that the 490 c c 
and the 488 c c of solvent recovered from the two quarters contained 
only 0.13 g and 0.19 g of fat, respectively. 

Acetone was similarly introduced into the other two (|uai t(u*s of the 
same udder. Removal was commenced minutes after one quarter 
had been filled and two minutes after the other had been filled. In 
the fonner case, the teat became hard and nothing could be milked 
out until it was opened at the end. The fluid then came freely in a 
stream. Apparently the acetone attacked the tissue rather severely, 
as some of the lining of the teat canal was discharged in shreds. In 
the other quarter the action of the acetone appeared to be less severe, 
and the recovery of the solvent was more readily accomplished. The 
(juantities of acetone recovered from the two quarters were 760 c c and 
517 c c. They contained only 0.51 g and 0.74 g, respectively, of fat. 

In two other trials hot water was pumped into amputated udders. 
Water at 70° C. was introduced into a rear quarter of a slightly lac- 
tating udder, and withdrawal of the water was commenced immedi- 
ately after the udder wuis filled, wdiich required 10 minutes. About 
5,400 c c was introduced, but only 955 c c was recovered. Water at 
70° apparently affected the tissues and caused a portion of the lining 
of the teat canal to slough off and come out as a plug. The front 
quarter of the same udder was filled with water at 40°. Five minutes 
was required to fill this quarter, and removal of the water was com- 
menced. at once. The quantity introduced was 3,700 c c, but only 
425 c c was recovered. Water at 40° appeared not to injure the tissues. 
The fat contained in these two recoveries of 955 c c and 425 c c was 
1 .33 g and 0.49 g, respectively. It appears that water at 40° is about 
as effective as that at 70® in recovenng butterfat, and is relatively 
less injurious to the tissues of the udder. 

In another trial, water at from 40° to 42° C^. was introduced into a 
nonlactating udder. Filling of the rear quarter required 4 min u tes and 
removal was commenced immediately thereafter. Filling the front 
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quarter required 3K minutes and removal of the water was commenced 
l}i minutes later. The quantity introduced was not measured. The 
quantity recovered from the two-quarters was mixed together and 
amounted to approximately 100 c c. It contained only 0.001 g of fat. 

In an additional trial with a cow secreting a small quantity of 
milk, the udder was emptied as thoroughly as possible by hand milk- 
ing and by inserting into the teat a millang tube attached to a vacuum 
pump. About 135 c c of milk was removed from the two left quarters 
in this manner. Approximately one-half gallon of petroleum ether 
was then pumped into the left front quarter. The vacuum pump was 
again attached to a milking tube in this quarter and 470 c c of the 
solvent was removed. Analysis indicated that this recovered solvent 
contained a total of 4.376 g of fat. As the specific gnxvity of the 
petroleum ether was 0.632, the solvent recovered contained approxi- 
mately 1 .47 per cent of fat by weight. As an indication of the rela- 
tive efficiency of hand manipulation of the udder and of similar manip- 
ulation aided by a vacuum pump, this test is of interest. In the first 
trial with petroleum other and removal by hand, about 13 per cent 
of the solvent was recovered. When the vacuum pump was used 
approximately 25 per cent was recovered. The fact that the first 
trial was made with a nonlactating udder, and the second with a 
slightly lactating udder, may have influenced these results. 

After the solvent had been removed (by vacuum) from the left front 
quarter, 3,370 c c of cold water was pumped into the left rear quarter. 
By the use of the vacuum pump together with hand manipulation, 
733 c c of the water was drawn out. On again comparing the effi- 
ciency of the hand method with the vacuum method, it appeared 
that when water was pumped into the udder, withdrawal by hand in 
two trials recovered 17.7 and 11.5 per cent of the quantity introduced. 
The vacuum method of removal recovered 21.8 per cent. All three 
tests were conducted, with udders secreting small quantities of milk. 

These preliminary trials indicate (1) that petroleum ether as a 
solvent does not dissolve the tissue fat to any significant extent, and 
that its action on the udder tissue is less severe than that of acetone ; 
(2) that the use of the vacuum pump in combination with hand manip- 
ulation is more efficient than hand manipulation alone in recovering 
from the udder the fluids previously injected into it; and (3) that not 
more than about one-fourth of the fluid injected was recovered by 
any method. The small recovery of fluid injected into the secretory 
system of the udder leads the writers to believe that a considerable 
quantity of milk may be left within the udder after the amputated 
udder has been milked out. This observation also strengthens the 
belief that nearly all the milk obtained at any milking is present in 
the udder at the time the milking process is commenced, even though 
the percentage recovered in some cases is less than in others and may 
be considerably less than 100 per cent of the quantity obtained at 
corresponding milkings before aeath. 

As petroleum ether appeared to be a relatively efficient solvent for 
butterfat and comparatively nondestructive to udder tissues, it was 
selected for use in an attempt to recover additional butterfat from 
three amputated udders that had been subjected to two post-mortem 
milkings four hours apart. Before the solvent was introduced, the 
udder of cow 257 was subjected to a third post-mortem milMng, 
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which yielded 0.4 pound of milk. Assuming that this milk contained 
1.3 per cent butterfat, which is the average of the tests of the second- 
post-mortem milking from the two halves, the quantity of fat recov- 
ered was 0.0052 pound. Petroleum ether then was pumped through 
the teat into the right rear quarter for six minutes, and into the right 
front quarter for five minutes. Removal from each quarter was com- 
menced within two minutes after the completion of the injection. 
Removal in this instance was entirely by hand manipulation. The 
quantity recovered from the two quarters was not measured, but it 
was found to contain 20.135 g of fat. Assuming that the other half 
of the udder would have yielded an equal amount of fat, the fat re- 
covery in the solvent for the udder would have been 0.0888 pound. 

The left half of the udder of cow 253 was similarly treated. A third 
post-mortem milking of the udder yielded 0.13 pound of milk con- 
taining 2.52 g, or 0.0056 pound of fat. Into each of the left quarters 
injection of petroleum ether was continued for three minutes. Re- 
moval was commenced at once. Hand manipulation was followed 
by application of the vacuum pump, and the total recovery of sol- 
vent appeared to be about half as much as the quantity introduced. 
The solvent from two quarters of the udder contained 2.225 g of 
fat, indicating a probable recovery in the solvent of 4.45 g or 0.0098 
pound from the udder. 

The experiment was repeated with the udder of cow 448. A third 
post-mortem milking yielded 0.36 pound of milk containing 10.75 
g or 0.0237 pound of fat. Petroleum ether was introduced into the 
two left quarters. Injection was continued for two minutes in each 
quarter. Hand manipulation and employment of the vacuum pump 
resulted in the recovery of 1,700 c c, or more than 43 per cent of the 
quantity iniected. The solvent which was recovered contained 20.33 
g of fat, indicating a probable recovery of 40.66 g or 0.0897 pound of 
fat from the entire udder. 

If it be assumed that an amount of butterfat equal to that recovered 
in corresponding ante-mortem milkings was present in the udder of 
the cow when killed, the third post-mortem milking and the use of a 
solvent resulted in the recovery of 0.94 and 16.09 per cent, respectively, 
of the amount of butterfat calculated to be retained in the udder of cow 
257 after completion of the first and second post-mortem milkings. 
Corresponding recoveries in the third post-mortem milking and in 
solvents were 1.17 and 2.05 per cent, respectively, for cow 253, and 
5.07 and 19.19 per cent, respectively, for cow 443. The retention of the 
butterfat in the udder, after all attempts to recover it had been made 
was, on this basis, 0.46, 0.46, and 0.35 pound, respectively, for the 
three cows, which was equivalent to 61.45, 58.54, and 44.29 per cent, 
respectively, of the total quantity of butterfat present when the cow 
was killed. 

A fairly definite idea of the effectiveness of an additional post- 
mortem milking followed by the use of a solvent, in recovering residual 
fat from amputated udders after two post-mortem milkings, may be 
obtained from Table 9. 
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Table 9 . — Recovery of hutterfat subsequent to the second 'postmortem milking of 

amputated udder 


Cow No. 

Butterfat 
In ante- 
mortem 
milk 

1 

Total but- 
terfat in 
milk ob- 
tained at 
first and 
second 
post-mor- 
tem milk- 
ings 

Proportion 
i of ante- 
mortem 
yield re- 
covered in 
first and 
second 
post-mor- 
tem milk • 
ings 

Butterfat 
recovered 
in third 
l>ost-mor- 
tem milk- 
ing 

Fat re- 
covered in 
solvent 

Total fat 
recovered 
from all 
! sources 

..__1 

Proportion 
of ante- 
mortem fat 
yield re- 
covered 
from all 
sources 

267- --- 

2?a.. - 

I4» - . 

I^und 

0. 7461 
.7918 
, 7992 

Pound 
(). Ifta 2 

.3129 

.3318 

Per cent 
26. 93 
39. .62 
41. r,2 

1 

Pound \ 
(1. 00.62 
. 0050 
. 0237 

Pound 
0.0888 
. 0098 1 
.0897 

Pound 

0. 2872 
. 3283 
. 44.62 

Per cent 

38. 5.6 
41.40 
.6.6.71 

A vemKe 

1 . 7787 

. 2793 

« 3.6. ()fi 



. 3.636 

• 4.6. 24 

b 3.6. 87 


- — - 

b 4.6. <0 


» Average of per cent values. 

^ Obtained by dividing total pound.s of fat recovered by total pounds of fat in ante-mortem milk. 


On an average, 35.66 per cent of the quantity of fat contained in the 
ante-mortem milk from these three cows was recovered in the first two 
post-mortem milkings. By adding a third post-mortem milking and 
subsequently employing a solvent, the butterfat recovery was increased 
from 35.66 per cent to 45.24 per cent of the quantity contained in the 
ante-mortem milk. The average post-mortem recovery of milk for 
the same cows was 74.03 per cent. Corresponding percentages, ob- 
tained by dividing the total number of pounds of butterfat recovered 
in the first, second, and third post-mortem milkings and in the solvent, 
by the average number of pounds of butterfat in the ante-mortem 
milkings, are 35.87 and 45.40, respectively. 

SUMMARY AND CONCLUSIONS 

The butterfat test of the milk obtained from amputated udders was, 
on an average, about half as high as that of the milk obtained from llu* 
same udders before death. 

Keeping the udder at approximately blood temperature until after 
the completion of post-mortem milking had a distinct tendency to 
keep the butterfat test of the milk from the second post-mortem 
inilking as high as, or slightly higher, than that of the milk from the 
first post-mortem milking. In the experiments with the cows in 
Group 1, where post-mortem temperatures of the udder were not con- 
trolled, the butterfat test was only about half as high in the first post- 
mortem milking as in the ante-mortem milking, and only approxi- 
mately half as high in the second as in the first post-mortem milking. 
In the experiments with the cows in Group 2, where post-mortem 
temperatures of the udder were controlled, the butterfat test of the 
first post-morteni milking was only about half as high as that of the 
ante-mortem milking, but the milk obtained at the second post-mor- 
tem milking was higher than that of the first post-mortem milking in 
butterfat test. 

All measures introduced for the purpose of controlling the conditions 
under which the cow was killed, or under which the udder was held 
after death, failed to increase the total recovery of butterfat in the 
toos^mortem milking to more than about 40 per cent of the total 
bntterfat yield that was secured in the ante-mortem milking. Keep- 
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ing the udder under controlled conditions resulted in the recovery of 
somewhat more butterfat in the second post-mortem milking than was 
the case when the udder temperatures were not controlled, but this 
increased recovery was not sufficient to increase materially the total 
amount recovered. Thus the percentage of butterfat in the milk was 
maintained and even slightly increased from the first to the second 
post-mortem milking in Group 2, where the udders were kept at lilood 
temjjerature. The cause of the consistent decrease of nearly one- 
half in the butterfat test of the first post-mortem as compared with the 
ante-mortem milk has not been determined. (See reference to the 
suggested possible effect of the nervous shock produced by killing 
the cow and severing the nerves in the process of amputating the 
udder (8).) 

Flushing out the secretory system of amputated udders with a 
solvent increased to some extent the total quantity of butterfat recov- 
ered. In trials with three udders, the addition of a third post-mortem 
milking, and a subsequent injection and removal of petroleum ether, 
increased the proportion of the total butterfat obtained from ampu- 
tated udders, from 35.87 to 45.40 per cent of the quantity of butterfat 
in the milk obtained from the same udders at corresponding milkings 
before death. 

If it be assumed that the amount of butterfat present in the udder 
when the cow was killed was equal to that recovered in corresponding 
ante-mortem milkings, the retention of butterfat in the three udders 
after three post-mortem milkings and subsequent flushing with petro- 
leum ether, woidd be 0.46, 0.46, and 0.35 ])ound, respectively. These 
quantities are equivalent to 61 .45, 58.54, and 44.29 per cent, respec- 
tivelv, of the total (luantitv of butterfat present when the cow was 
killed. 

Not more than 44 per cent of the fiiiid injected into amputated 
udders was subsequently removed in any one of several trials, even 
when hand manipulation was combined with the use of a vacuum 
})ump. 

Neither the quantity of milk recovered from amputated udders nor 
its relative test were as high as those shown by Petersen and his 
associates (5). This recalls a previous comment {8) regarding the 
possible effect of milking one-half of the udder immediately before 
death, on the recovery of milk from the other half after deatli. 

The percentage of total solids was distinctly lower in the first post- 
mortem than in the ante-mortem milk, and still lower in the second 
than in the first post-mortem milk. When the amputated udders 
were kept warm the decline in percentage of total solids from the first 
to the second post-mortem milking was greatly reduced. Since the 
butterfat is included in the total solids, such a tendency is to be 
expected. 

The percentage of solids not fat was nearly the same in the first 
post-mortem as in the ante-mortem milk, but was distinctly lower in 
the second than in the first post-mortem milk. Controlling the tem- 
perature of the udder did not prevent the reduction in the percentage 
of solids not fat between the first and second post-mortem milkings. 

The percentage of ash was higher in the first post-mortem than in 
the ante-mortem milk, and decidedly higher in the second than in the 
first post-mortem milk. This trend is shown for every cow in each 

134418-^2~t— 3 
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group and does not appear to have been affected by the temperature 
under which the udder was held after it was amputated. 

The percentage of total protein was almost the same in the first 
post-mortem as in the ante-mortem milk, but it was lower in the 
second post-mortem than in either the ante-mortem or the first post- 
mortem milk. This trend is not so consistent in the individual experi- 
ments as in the case of ash, but averages almost the same regardless of 
the temperature at which the udder was held after amputation. 

The fat-protein ratio, as anticipated, followed a trend very similar 
to that of the butterfat test. In Group 1 the average ratio for the 
first post-mortem milk was only slightly more than half of the average 
ratio for the ante-mortem milk. The ratio for the second post- 
mortem milk was almost exactly half of that for the first post-mortem 
milk. In Group 2 also, the reduction in ratio from ante-mortem to 
first post-mortem milk was about one-half, but the ratio for the second 
post-mortem milk was decidedly higher than that of the first post- 
mortem milk. The average fat-protein ratio for the first post- 
mortem milk in Groups 1 and 2 combined was slightly more than half 
that of the ante-inortern milk, whereas the ratio for the second post- 
mortem milk was slightly less than half of that for the ante-mortem 
milk. 

When the udders were allowed to become chilled, the percentage 
of lactose was slightly higher in the first post-mortem milk and 
much lower in tlie second post-mortem milk than in the ante-mortem 
milk. When the udders were kept warm after amputation, the 
trend was almost the same, except that the percentage of lactose in 
the first post-mortem milk was slightly below instead of above that 
of the ante-mortem milk. When Groups 1 and 2 are combined, the 
percentage of lactose in the first post-mortem milk was almost the 
same as that in the ante-mortem milk, but the second post-mortem 
milk had a much lower percentage than the ante-mortem milk. 

The results based on 11 experiments confirm those based on the 
first two (7), and show that the most outstanding difference between 
the milk obtained from the udder of the living cow and that obtained 
from the amputated udder of the same cow after death was in the 
butterfat test. 
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THE ORIGIN, DEVELOPMENT, AND INCREASE OF CHLO- 
ROPLASTS IN THE POTATO ^ 

By Winona E. Stonk 

Assistant Plant Pathologist^ Vermont Agricultural Experiment Station 

INTRODUCTION 

Much work has been done on mosaic and chlorosis, diseases whose 
primary visible effect is on the chloroplasts of the host plant. Yet 
a thorough seandi of the literature brings to light very few references 
to the normal chloroplast of the potato (Solanum tuheromm L.) or of 
any other member of the Solanaceae. Every phase of the life history 
of normal chloroplasts has been described again and again in other 
plants, but these data when brought together appear to form a 
chaotic mass of irreconcilable facts. The' question arises which, if 
any, of these data apply to the normal chloroplasts of the potato or 
other members of this group. Obviously no progress can be made in 
tin' study of diseased chloroplasts until a firm basis is laid in a knowl- 
edge of the healthy normal ones. 

Though small, tlic nightshade family includes many plants of 
economic importance, such as the potato, tomato, pepper, eggplant, 
tobacco, and petunia. All these plants are afiected by degeneration 
diseases of the chloroplasts. Since little work has been done on any 
of these plants, the potato was considered a suitable and representa- 
tive member of the group in which to study the formation and 
division of healthy chloroplasts. 

HISTORICAL REVIEW 

Since the discovery of plastids in 1791, investigators have striven 
- to settle the more important phases of their history, i. e., their origin, 
structure, and method of division. 

There are three outstanding theories as to the origin of chloroplasts. 

(1) Chloroplasts arise by the condensation and contraction of the 
cytoplasm. 

(2) Chloroplasts arise from preexisting bodies. Schimper {25^ 26y 
27y was able to trace a complete succession of stages in the life history 
of chloroplasts. Mottier {18) was aware of the fact that chloroplasts 
develop from small bodies but believed that these bodies wore merely 
certain stages in the continuous life history of individual chloroplasts. 

(3) Chloroplasts arise from chondriosomes. When the study of 
plastid oririn was extended to the higher plants a new school was 
originated by Guilliermond (.^). There can be no doubt as to the 
accuracy of the observation of the supporters of the chondriosome 
and primordia theories of plastid origin. The explanation of the 
variance of the results probably lies in the different types of material 
used. Many investigators have used water plants. Others have 
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used mosses, liverworts, and ferns. Much of the work on the higher 
plants has been confined to the roots, but these organs, of comse, are 
not a suitable place to observe chloroplast origin and so can not be 
used for comparison. In reproductive organs the chloroplasts are 
not functioning as in a leaf. Thus the dissimilarity of the plants and 
the plant organs studied may account for the widely divergent results 
not only of the present investigation but of those which led to the 
formation of the chondriosome and primordia theories. 

Gris (5), who, so far as the writer is aware, is the only investigator 
who has worked on the origin of the chloroplasts in the potato leaf, 
described the differentiation of chloroplasts in the cells of leaves of 
Solanum tuberosum and various other plants, such as Hydrangea 
hortensia, Lilium album, Acanthophippium, Aucuba, Sempervivum, 
and Vanilla. In the very young hexagonal cells of the potato leaf he 
found the nucleus surrounded by a CTeen, granular network. In 
older leaves the cells were entirely filled with granular matter. This 
panular substance broke up into sections, at first polyhedral but 
later assuming the spherical shape of normal, mature chloroplasts. 
Gris also found that development did not take place simultaneously 
throughout the entire leaf cross section, but that all stages in their 
differentiation from the cytoplasm might be observed within a 
limited area. 

No record has been found of any attempts to trace the develop- 
ment of chloroplasts from chondriosomes or primordia outside the 
cell in cell sap. In fact Pr^t (19) and Borger (2) considered plant 
juice unsuited to the culture of isolated tissues and cells. Kny (10) 
and Heitz (6) were able to observe activity in isolated tissues, the 
latter using Knopfs solution. Lubimcnko {13, 14, 15) and Priestley 
and Irving {20) isolated plastids, the latter in cell sap. In this case 
there was some manufacture of sugar. 

Belzung {!) invest-igated greening in potato tubers and was con- 
vinced that the starch grains formed the clilorophyll-impregnated 
areas of the cells. He was also of the opinion that these bodies are 
not true chloroplasts in that they do not manufacture starch. 

At least three methods of plastid division have been noted. That 
most frequently observed is a process of constriction or pinching. 
Mikosch {17) described a type whereby the color concentrated at the 
poles and the ends grew away from each other. Schmitz {28) ob- 
served distinct fission. Kozlowski {11) believes the so-called division 
stages are merely accidental pairings of chloroplasts. 

ORIGIN AND DEVELOPMENT OP CHLOROPLASTS 

ATTEMPTS TO CULTIVATE PLASTIDS 

In an effort to cultivate plastids plant juice expressed from actively 
growing portions of young plants by a metal press was filtered througn 
several layers of cheesecloth, filter paper, and infusorial earth. The 
filtrate then passed easily through a Jenkins bacteriological micro- 
filter. The filtrate contained no bodies which could be detected with 
the microscope. It was kept in the diffused light from a south win- 
dow. The hquid remained clear and uncontaminated indefinitely. 
The nonappearance of bodies was probably due to one of two things. 
Either^ the culture medium was unfavorable for the development of 
the primordia, or the primordia are too large to pass through the 
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Jenkins filter. Under these conditions these results alone do not 
justify the assumption that chloroplasts do not arise from primordia. 

GREENING OF TUBERS EXPOSED TO LIGHT 

Detached tubers were greened by exposure to light in a window. 
The coloration extended into the tubers for some depth, but most 
attention was given to cells directly beneath the corky layer. 

Colorless cells contained numcToiis large starch grains. In green 
cells starch was present, but the grains were often capped at one end 
i)y a mass of green protoplasm of varying size. The size of these 
caps was inversely proportional to the size of the accompanying grain, 
that is, the smaller the starch grain the larger the accompanying green 
area. The green patch was merely a rim, a considerable mass, or in 
some cells entirely inclosed the smaller grains in a green sheath. 
Besides these green areas accompanying’ the starch other detached 
green masses of rather indefinite outline wore observed. (PL 1, A 
and B.) The size of the starch grain caps and the independence of 
some of the green masses make it improbable that this process is 
a conversion of leucoplasts into chloroplasts. Leucoplasts are soon 
stretched by grains of storage starch to thin films. The independent 
green masses can hardly be thought of as transformed leucoplasts, 
nor do they have the structural characteristics of chloroplasts. They 
seem to be regions in the cytoplasm which have become green, i. e., 
in wliich the clilorophyll has developed under stimulus of light. This 
phenomenon was described as early as 1877 by Wiesner {29) as 
‘‘chlorophyll tinging the cytoplasm,” and Harper {5) has called 
attention to the fact that a delimiting membrane is not essential in 
a chloroplast. 

Some cells entirely devoid of starch contained rather definitely 
formed green bodies, vacuolate, and of varying size and shape, 
although in general resembling each other. (PL 1, C.) 

Cells from the ungreened inner layers contained intact starch 
grains. Cells from the next region tow’ard the surface contained cor- 
roded starch grains, broken in fragments, yet retaining the original 
shape. In the next layer starch fragments were smaller and fewer, 
and for the most part contained in a colorless vesicle. Directly 
beneath the cork the cells contained very small similar structures, 
but the colorless vesicles were here replaced by green regions inclosing 
particles of starch. (PL 1, E.) 

Greening in the cytoplasm of the cells beneath the cut exposed 
surface of a tuber is due to large starch grains being partially envel- 
oped by green protoplasmic masses. The starch grain was often 
found lying in a large vesicle inclosing also the green mass of proto- 
plasm. (PL 1, F.) In some instances the green area assumed the 
shape of definitely formed bodies with one large or many small vacu- 
oles, sometimes so large and numerous as to burst the outer green 
covering. (PL 1, D.) 

Guard cells on small tuberlike sprouts exposed to light contained 
peen bodies, evidently filled with starch ; similar bodies from tuber- 
like sprouts grown in the dark were colorless although containing 
starch. (PL 1, G and H.) 

Pith cells from fleshy sprouts grown in the light contained bodies 
which resembled normal chloroplasts in form, size, and color; cells 
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from sprouts kept in the dark contained only colorless bodies with 
minute starch grains- (PI. 1, I and J.) 

Guard colls of leaf buds had a uniform green cytoplasmic colora- 
tion with no suggestion of concentration into restricted regions and 
no apparent relation to the starch grains. (PL 1, K.) 

The wide variety in shape and structure of the green bodies in 
tubers and sprouts exposed to light discourages the idea of discover- 
ing from them any facts concerning the origin of normal leaf chloro- 
plasts. Perhaps they are not really chloroplasts at all. (1) Their 
shape is variable, indefinite, and not sharply outlined. Chloroplasts 
are oval or spherical and sharply defined. (2) Their size is not con- 
stant; even in the same cell bodies vary within a wide range. Nor- 
mal chloroplasts usually have a constant definite size for a given 
species. (3) Their structure shows a Jack of organization. They 
often differ little in density from the surrounding cytoplasni, their 
green color serving as their only distinction. Chloroplasts give the 
impression of definite organization with the ability to perform cer- 
tain functions. (4) No divisions of these bodies were found in any of 
the material examined. In the life liistory of normal plastids (iivi- 
sions may be observed under a variety of conditions. (5) Although 
some green areas contained vacuoles and starch grains they seemed 
to be only temporary organs whose functions would soon cease or be 
taken over by more efficient bodies, i. e., by the true chloroplasts of 
the plant proper. 

CHLOROPLASTS IN THE LEAVES 
Methods 

Material for the study of the origin and division of chloroplasts in 
potato leaves was obtained from plants grown in the greenhouse and 
out of doors. Fixations of leaves of different sizes from plants 1 to 4 
inches high were mad^ in Fleming’s medium at all hours of the day 
and night in good growing weather. Sections 4 to 10^ thi(;k, accord- 
ing to the age of the leaf, were stained in either Flemming’s triple or 
Heidenhain’s iron-alum haeniatoxylin stains. In a search for 
development of chloroplasts from chondriosomes material was fixed 
in Benda’s and Altinann’s fixing solutions, as well as in Flemming’s 
medium, and stained in Altmann’s aniliiie-fuchsin or in iron-alum 
haeniatoxylin. Fixing fluids which contain acetic acid are claimed 
to be destructive to chondriosomes. Rudolph {22y 2S), with a basic 
solution and a varying amount of acetic acid, found chondriosomes 
to be uninjured by concentrations of acetic acid equivalent to that 
in Flemming’s solution. The results obtained with Altmann’s or 
Benda’s fixing fluids were quite unsatisfactory. The cells fixed in 
Altmann’s fluid lacked any semblance of detail or differentiation. 
Benda’s solution caused the chloroplasts to appear badly misshapen 
without the detail obtainea by Flemming’s fixing fluid followed by 
the iron-alum haematoxylin stain. 

Formation of Plastids 

Formation of true plastids in the leaves differs greatly from that of 
the green bodies in exposed tubers. In stained sections of veiy 
yonng leaves, taken from the innermost part of growing tips, the cell 
appeared homogeneous and very dense. These leaves 



Bodies from potato tubers and sprouts exposed to light or kept in dark. All X 1,450. Shading 
represents green coloration. A to C, Green masses of cytoplasm from colls directly beneath skin 
of potato tuber exposed to light several days. P, Same as above, but from cells beneath new skin 
formed over out surface. E, Bodies from three different depths of exposed tuber showing transition 
from disintegrating starch grain in deeper cell to greened body inclosing fragments of starch in cell 
directly beneath skin. F, Btarch grain inclosed in vesicle and accompanied by green mass from new 
skin formed over cut surface of tuber exposed to light many days. G, Green bodies from hy dathode 
of tuberlike sprout kept in light many days. H, Same from tuber kept in dark. I, Green bodies 
from pith ceu of petiole of sprout exposed to light; starch stained with iodine. J, Same from 
sprout kept in dark. E, Stoma from leaf on young sprout, exposed to light; note general ditfusion 
of chlorophyll throughout cytoplasm 
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PLATE 3 



Stages in the process of plastid differentiation in palisade cells. X 2,400. A, Kmbryonic cell, 
cytoplasm filled with many small vacuoles, 3 a. m. hxation. n, A large vacuole at either end, 
cytoplasm concentrating in dense irregular patchy, 4.30 a. m. fixation. i\ P]a8tid.s somewhat 
more rounded, 12.30 p. m. fixation. I>, Plastids nearly complete, some containing starch grain 
10 p. m. fixation 



Chloropl&aU in the Potato 


Plate 4 



Stages in the differentiation of plaetlda in cells of spongy tissue. X 2,400. A, Embryonic cell, 
slightly vacuolate, 4.30 a. m. fixation. B, Api>ear8noe of one large vacuole, three distinctly 
outlined plastids evident, the rest of the cytoplasm contracting in dense masses, 9 p. ro. 
fixation. C, More mature cell; plastids definite, some containing starch, 9 p. m. fixation. 
D, Same as C7, 12.30 p. m. fixation 
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were green, so it may be assumed that the green coloring matter was 
diffused throughout the cell contents, and examination of fresh 
material confirmed this. Sections of very small fresh leaves show no 
oval plastids, nor, in fact, any definite bodies, but only a fairly uni- 
form, dense, green cytoplasmic mass. The cytoplasmic chlorophyll 
gathers into specific delimited regions. 

In slightly older cells many small vacuoles accompany regional 
changes in cytoplasrnic density and give evidence that the next step 
in plastid formation is the cutting up of the chlorophyll-impregnated 
cytoplasm. Vacuoles appear not only between the masses but 
within them as well. As the cells mature the cytoplasm concentrates, 
first in irregular patches, then in definite, regular, uniform shapes. 
During the rounding off masses are often held together for a time by 
cytoplasmic connections which disappear as the plastids become 
fully formed. Even in its very earliest form, as a shapeless mass of 
cytoplasm slightl^'^ denser than the surrounding cytoplasm, the 
chloroplast ‘^anlage’’ is of considerable size. The process is one of 
concentration and contraction rather than of expansion and growth, 
so these original patches may be even larger than the resulting fully 
developed chloroplasts. (PI. 2, A.) 

Plate 3 shows developjiient of chloroplasts in [)alisade cells. The 
young embryonic cell (A), short in proportion to its width, and with 
the nucleus taking up a large part of the contents, shows homogene- 
ous cytoplasm, although a few tiny vacuoles may appear. These 
vacuoles become more pronounced in slightlv older cells. B shows 
the two larger vacuoles in the ends of the cell, which arc very char- 
acteristic of cells at this stage. The cytoplasmic knots are becoming 
more distinct and are taking on the appearance of immature plastids. 
These j)lastids (C and D) condense into the mature organs. There 
is no evidence of nor need for the intervention of any bodies, either 
chondriosomes or primordia; the whole process appears to be simply 
a cutting out of chloroplasts from the homogeneouvs cytoplasm. The 
plastids arise directly from cytoplasmic regions impregnated with 
chlorophyll. 

In practically all the cells shown in l^late 3 the nucleus is in the 
])rocess of dividing. There is no direct relation between plastid 
development and nuclear division; both processes take place in the 
early life of the cell. In the nearly mature palisade cells (D) a few 
plastids appear to be elongated as though about to divide, and many 
contain starch grains. 

Differentiation of Plastids in Different Parts of the Leaf 

Plastid differentiation in the cells of the spongy tissue of the 
potato is similar to that in the palisade parenchyma. (PI. 4.) Large 
vacuoles appear and very dense regions of the cytoplasm can be easily 
distinguished (A). In B a largo vacuole and in one section of the 
cell at least three distinct chloroplasts appear. In C and D the 
chloroplasts are well differentiated and contain starch grains. Some 
are rather elongated and either have not yet rounded off or are aboiit 
to divide. The chloroplasts of Plate 8, B, are mature with sharp 
definite outlines and take a dense black stain. In Plate 4, C, and D, 
and Plate 8, B, many chloroplasts are surrounded by conspicuous 
clear zones. The nuclei of these spongy pai’enchyma cells are in 
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some phase of mitosis. Divisions occur in all planes. In most 
cases tne distribution of the plastid material seems to be such that the 
new cells resulting from this division receive equivalent amounts. 

Differentiation of the cytoplasm is not simultaneous throughout 
the leaf. In younger leaves the midrib is larger in proportion to the 
leaf lamina than in older leaves. Rib cells show rounded mature 
chloroplasts while the lamina cells contain only homogeneous proto- 
plasm or early stages of breaking up. Spongy parenchyma cells 
show differentiated plastids before the palisade cells. Although 
spongy parenchyma plastids develop more rapidly than palisade 
plastids, differentiation is not complete throughout the spong^y tissue 
before it starts in the palisade cells. Consequently a leaf section may 
show patches of densely stained mingled with patches of faintly 






Fiouftfi 1.— Diagrammatic cross sections of leaves showing progressive differentiation Un 
order lettered) of plastids (in black) . x 35 

stained plastids within both spongy and palisade tissues. The 
spongy tissue is filled with densely stained plastids while the palisade 
parenchyma still contains patches of faintly stained ones. (Fig. 1.) 
Even within individual cells differentiation of plastids occurs first in 
certain regions and not uniformly throughout the whole cell. Usually 
plastids nearer the epidermis or around the cell wall stain more 
densely than those of the lower half or center of the cell. (Pis. 5 
and 6.) 

In the midrib fully developed plastids often contained starch 
grains so large that the chloroplast itself was stretched to a mere shell 
surrounding the starch. (Fig. 2.) In both spongy and palisade 
tissues plastids were of two sorts, one densely staining, uniform 
throughout or oontainii^ a few small starch grains, the other inde- 
finitely outlined and faintly staining. (PI. 6.) In the two rows of 
palisade cells the nuclei are prominent but the chloroplasts are very 
indistinctly defined; in the upper row they appear as denser portions 
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of the cytoplasm with no definite shape; in the lower row they are 
somewhat more distinct. None retain the stain but appear as faint 

f ray patches. The chloroplasts of the spongy parenchyma stain very 
ensely, as intensely black, regular bodies, distinctly independent of 
the surrounding cytoplasm, in some instances apparently undergoing 
didsion. These cells are less compactly filled with plastid material 
than are the palisade cells, and the nuclei are less prominent. The 
palisade cells reach their nonnal mature state more slowly than do 
the cells of the spongy tissue. Zirkle^s {31 ) similar variation in plastid- 
staining reaction in striped (variegated) corn was ascribed to the fact 
that some plastids were degenerated or permanently undeveloped, 
while others were normal, the uneven staining not being an indica- 
tion of stages in progressive development. Ma {16) attributed this 
variation in the staining reaction in Isoetes to the condition of the 
starch within the plastid, that is, whether starch was being formed 
or hydrolized. The staining reaction of potato plastids seems 
rather to depend on the 
degree of development of 
the plastids themselves. If 
this reaction were dependent ( / ^ 

on the formation and hydrol- \V j] 
ysis of starch, it would recur 
with some regularity and 
frequency. No explanation Fiocre 2.-ShelMike chloroplasts of midrib. X4,2(X) 
can bo given of this irreg- 
ular progress of the development of the plastids in the potato-leaf 
cells. 

CHLOROPLASTS AND CHONDRIOSOMES 

The description which has just been given of the development of 
the leaf chloroplasts leaves no place for the theory of their growth 
from small bodies in embryonic cells. Since the chondriosome has 
accjuired such importance in the recent literature on chloroplast for- 
ination, special attention was given to the sections with chondriosomes 
in mind. No bodies resembling chondriosomes have been observed. 
Some investigators have found these bodies not only in young cells 
where chloroplasts were forming but also, in smaller numbers, in ma- 
ture cells. Even in the youngest potato cells no chondriosomes were 
seen. The cytoplasm appeared homogeneous, granular, but free 
from rods, spheres, and threads. Young, recently differentiated, ir- 
regular plastids are somewhat smaller than those found in old leaves, 
but never so small that they would be mistaken for chondriosomes. 
The smallest chloroplasts seen were no less than 3/z in diameter; 
chondriosomes do not exceed l/m in diameter. 

RELATION OF NUCLEAR DIVISION TO PLASTID DIFFERENTIATION 

The nucleus divides in the very young cell; at the same time the 
plastids differentiate in the cytoplasm; the two processes, while coin- 
cident, have evidently no relation to each other. Plastid differentia- 
tion extends over a longer period than is covered by active nuclear 
division, so that fully developed plastids are found only occasionally 
in a cell with a dividing nucleus. Plastids rarely divide until they 
are fully differentiated and definite in shape and staining qualities. 
Consequently plastid divisions are most abundant during the latest 
stages of nuclear division or after it has entirely ceased. (Hs. 3 and 4.) 
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The independence of plastids and nucleus may be further demon- 
strated by the indifference of the plastids to nuclear division with no 
migration of plastids or assembling about the nucleus. The plastids 
are distributed to the daughter cells bv chance, as they happen to lie 
at one or the other end of the cell at the time of division, and equiva- 
lent numbers in the daughter cells are due to the distribution of plastids 
throughout the mother cell. (PI. 8, C.) Zirkle (50) shows a concen- 
tration of the plastid primordia about the nucleus, but Ma {16) ^ 
Kirby (0), and Randolph {21) failed to find any definite relation of 
plastid position to the dividing nucleus. 

RELATION OF PLASTID NUMBER TO CEU. GROWTH 


At the time of plastid differentiation the cell is quite compactly 
filled with the chloroplasts ; the cell grows rapidly in size, but the 



Figure 3.— Groups oi palisatle colls, old (A) and youn? (B). X 1,100 


plastids increase in size and number very slowly. An average of 
many measurements showed a cell size increase of 300 per cent to be 
accompanied by a 25 per cent increase in the size of the individual 
plastids. (PI. 2, C.) But plastid divisions may cause a numerical 
increase of 45 per cent. The result of the inequality of the increase of 
volume of celts and plastids within the cell is shown by the small 
amount of the space within the older cell taken up by the plastids 
or other stainable material, as contrasted with that of well-filled young 
cells. In sections of cells from old leaves the chloroplasts are distrib- 
uted for the most part only along the cell walls. (Fig. 3.) In a 
surface section the chloroplasts form single compact layers tightly 
appressed to the cell wall, the large cell lumen being occupied by the 
central vacuole. (PI. 7.) 


Chloroplaats in the Potato 


Plate 7 



Surface section of lUBlure palisade cells showing plastlds lining the wall, leaving the central lumen 
free except for nuclei, 8 p. m. fixation, X 2,400 




within the vsame cell, 10 p. m. fixation. X 2,400 
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Table 1. — Measurements of drawings of 11 blocks of S cells each taken from leaves 
of various sizes and ages to compute number of vlastids 


Ago of leavt« 

Area of 
block of 

8 cells In 

Number 

of 

mini- 

plastids 


metens 



3,600 

192 

Very young 

4,125 

7,700 

270 

329 



7,728 

368 


8, .320 

292 


8,080 

320 

OUior 

9,450 

10.200 

221 

392 



13,760 

408 


14,400 

496 

Maturo 

31,140 

544 


Plastids 
IM’-r 100 
8<iuare 
milli- 
ITK'tvrS 


5 

7 

4 

5 

3.5 

3.5 

2 

4 

3 

3.5 

1.7 


In Table 1 are given measurements of drawings of 11 blocks of 
eight cells each taken from leaves of various sizes, ranging from those 
if) which the plastids were barely differentiated to fully mature leaves. 
It can readily be seen that increase in plastid number does not keep 
pace with cell growt h, for an increase of 7h5 per cent in cell area -was 
accompanied by an increase of only about 185 per cent in plastid 
numbers. 


Table 2. — Percentage increase in number of plastids as compared with percentage 
increase in cell size of young and of mature leaves 



I ncreiuse 

Incretuse 

Kilul of leaves 

in wll 

in plastid 


size 



1 40 

14 

Yourag . 

90 

20 


[ 160 

24 

Mature - 

1 

300 

45 


Table 2 (from another set of measurements) shows a consistent 
increase in plastid number corresponding, but not equal, to the in- 
crease in cell size. A large number of cells of vanous sizes were 
measured and the contained plastids w’ere counted. Cells were then 
grouped together according to size. Using the group of smallest cells 
as a basis, the percentage of increase in cell size and plastid number 
was computed for each group. 

The proportion of plastid volume to cell capacity does not actually 
reach such wide variance as the tables seem to indicate, since the 
plastids grow. In the youngest cells in which plastids were of defi- 
nite, regular outline the average diameter of 30 plastids vras 5.05m- 
In the oldest leaves of this material the average diameter of 30 plastids 
was 6.43m; an increase of 27 per cent in the size of the plastids, 
Plastids of fully mature leaves from material which had been fixed 
from field-grown plants showed an average plastid diameter of 10.38m 
or about 100 per cent greater than that of plastids in young leaves. 
(Fig. 4.) No comparison of cell areas in this material and the young 
leaf cells could be made, outlines of the old ceil walls being too broken 
and vague. 
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PROCESS OF DIVISION 

Plastid division in the potato leaf follows closely that described for 
other plants by early workers such as Kny {10) y Sachs (^4) > and 
Nageli {18a), The gradual growth in the size of the plastid and the 

change of shape from round to 
oval Tfig- 5, A and B) continues, 
especially in the longer axis, 
until the plastid is about twice 
its original length. A constric- 
tion midway between the ends 
of the elongated plastid followed 
bv a gradual contraction or 
pinching in of the plastid at this 
point results in the formation of 
two new plastids approximately 
the same size as tne original. 
(Fig. 5, C, D, E, F.) Dividing 
plastids may be homogeneous throughout or may contain one or more 
starch grains. (Pis. 8, A, and 9, C.) 

In some cases dividing chloroplasts may show a clear zone in the 
region of the constriction (fig. e5, E), the contents becoming con- 
centrated in the two halves. The material in each half rounds off, 
leaving a membrane between which connects the two new plastids for a 
time. This bridge may be nearly as wide as the diameter of the plastid 
or it may be a scarcely visible thread. (Fig. 5, D, E.) This thin 


00 

ep‘ 

Figure 5.— A, Resting plastid; B, constriction of elongated plastid: r-E, various types of connec- 
tions; F, Joining not visible but clearly plastids resulting from division. X 4,200 

connection finally disappears and two independent chloroplasts 
result. Even though no longer joined, the new plastids remain in the 
same position with reference to each other, so that often in one field 
the plastids occur in distinct pairs. (Pis. 2, B, 9 and 10.) 

Photomicrographs of stained material of division stages in plastids 
isolated from cells (pi. 8, A) show, with one exception, all chloroplasts 
with visible starch grains. Elongation and cutting in two of a chloro- 
plast (pi. 8 A, 6, Cf d) are followed by two newly formed plastids no 
longer visibly connected but in the same position in which division 
occurred. (PL 8, A, e,) The position of members of some groups of 




A B 


Fksure 4.— Average plastid from young (A) and old 
(B) leaves. X 4,200 
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PLATE 9 



A, Palisade cells showing various plastid divtsions within the same or neighboring cells, 6 a. m. 
fixation. X 2,400. B, A section of spongy parenohynia showing many stages of plastid division, 
5.80 p. m. fixation. X 2,400. C, Palisade cells showing several stages of division in plastids; 
note starch in plastids, 11 p. m. fixation. X 2,400 



Chloroplasts in the Potato 


PLATE 10 



PDllsade cell showing divLsions in direction of long axis of cell and newly formed plastids arranged 
along cell wall. Many other stages in outlying regions. Note rosettelike pattern at o, 2 a. m. 
fixation. X 2,400 
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plastids suggests the division of those resulting from a former divi- 
sion. (PI. 8, A, /.) Heitz (6) found plastid division repeated so 
rapidly in severed moss leaves that the new plastids divided again 
in a plane at right angles to the first division before the first division 
was complete. 

RELATION OF STARCH TO DIVISION 

It was found that any starch grains present in a dividing plastid are 
apportioned to the new plastids as they happen to lie with respect to 
the line of division, thus confirming the findings of Sachs (^4)- 
(Fig. 6.) The amount of starch contained may vary from none to 
1 to 3 large grains or 6 to 8 small ones. The starch is usually evenly 
distributed so that after division the newly formed plastids receive 
relatively equal amounts. Starch grains do not appear to hinder 
division. (Pis. 3, D; 8, A; and 9, C.) 

DIURNAL PERIODICITY IN PLASTID DIVISION 

Lange (12) found a daily periodicity in nuclear divisions, but a 
tabulation of the hours of day and night at which the material for the 
present study was fixed 
shows no such situation 
regarding plastid divi- 
sion. No attempt was 
made to count the plas- 
tid divisions in day 
and night material, 
but an examination of 
the photomicrographs figure B.-^Starch urains in plastids undergoing division. X 4,200 
shows that division is 

not confined to any particular hour but is going on at all times. 

Lower temperatures and relatively high humidity were associated 
with the hours of darkness but the initiation and rate of plastid division 
do not seem to be correlated directly with any external factors, such 
as light, temperature, or humidity. 

DIVISION IN CHLOROPLASTS 

PHASES OP DIVISION 

Increase in plastid number results from the continuous division of 
the plastids originally differentiated in the cell. No period was deter- 
mined for the maximum activity in division. Divisions have been 
found in the plastids which were scarcely fully differentiated (pi. 3, D) ; 
but were found in greater abundance in cells of leaves somewhat older. 

. Often all the plastids in one cell were in some stage of division or were 
arranged in a distinct pattern of pairs as though they had just com- 
pleted division. (PI. 2, B.) In any one region all stages appear 
simultaneously (pis. 9 and 10); and even neighboring plastids may be 
in very different stages of division (pi. 10). 

In young palisade cells with walls compactly lined with plastids 
divisions occur in a direction diagonal to the wall, so that one of the 
plastids of the newly formed pair is pushed into the central vacuole. 
(PI. 2, B.) In old palisade cells, on the other hand, with walls sparsely 
lined with plastids, divisions occur parallel to the long axis of the cell 
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and newly formed pairs lie along the cell wall. (PI. 10.) Several newly 
formed plastids may form a rosettelike pattern in which the inner 
faces of the plastids are angular. (PL 10, a.) 

DISCUSSION 

The phenomenon of plastid division has been observed in many 
plants. Sachs {^4) suggested that plastid division followed elonga- 
tion of the plastid and was occasioned by a stretching of the adjacent 
cell wall. Divisions occur, however, in plastids remote from walls 
and in planes which do not parallel that of the stretching of the 
cell wall. Heitz (d, 7, 8) claimed that plastid division was a result 
of the accumulation of products of assimilation. If this were the 
only factor involved divisions would be expected to occur most fre- 
quently when the plastids were filled with these prodiicts, i. e., during 
the day. Although plastid divisions were abundant in material fixed 
at all hours of the day and night, they were perhaps more plentiful 
in the material fixed during the night hours; in other words, when 
the plastids were losing the material temporarily stored during the 
hours of sunlight. The initiation of plastia division does not seem to 
be regulated either by the growth of the cell wall or by the accumu- 
lated food products. It appears rather to be one of the normal proc- 
esses which taken together constitute cell growth. 

Observations, measurements of cells, and plastid counts indicate that 
the number of plastids per cell is fairly constant. This being the 
case, plastid division is not independent of cell development but is 
merely one phase of the whole process. Cells of certain size contain 
a characteristic amount of chloroplast material divided into a fairly 
constant number of bodies which increases as the cell becomes larger. 

SUMMARY AND CONCLUSIONS 

An investigation pf the origin of the chloroplasts in the potato 
(Solanum tuber onumf was made from the point of view of the three 
well-known theories of plastid origin in other plants. 

Attempts to grow plastids from primordia outside the plant in 
expressed filtered leaf juice failed, either because plastids do not 
develop from primordia minute enough to pass through a Jenkins 
filter, because of the toxicity of the potato juice, or because the normal 
growing conditions in the cell were absent. 

Tubers, greened by exposure to light, did not furnish satisfactory 
material for the study of the origin of the chloroplast. Greening is 
merely the result of the formation of chlorophyll in undifferentiated 
regions of the protoplasm. Although, after some time, these patches 
may assume a definite shape they can not be considered as typical 
chloroplasts. 

A search for chondriosomes or plastid primordia in embryonic 
leaves by the use of recommended fixmg fluids and stains revealed no 
bodies of this type. In embryonic leaves of the potato, plastids 
originate from the cytoplasm directly. By gradual vacuolation the 
cytoplasm is separated into dense masses which round off, become 
compact, and develop into mature, independent chloroplasts. 

Differentiation of chloroplasts from homogeneous cytoplasm does 
^pot occur simultaneously throughout all portions of the leaf. Isolated 
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regions first appear in the spongy tissue, later in the palisade tissue. 
Differentiation is first completed in the spongy tissue. Plastids in 
the various regions of a single cell may be in quite different stages of 
differentiation. 

Plastid differentiation seems to be only one phase of the series of 
changes which together bring about the maturing of a cell. Division 
of the nucleus occurs at the same time as plastid differentiation but 
independently. New cell formation usually reaches its maximum 
before plastid differentation is complete. Plastids, even if formed, 
show no change of position during nuclear division. 

Plastids increase in number as the cell grows, but the increase is 
much slower than the rate of cell growth. Increase in plastid size 
compensates somewhat for slow increase in plastid number. 

Increase in plastid number is brought about by the division of the 
original chloroplasts. 

Division of chloroplasts is a process of elongation and pinching. 
The connections between the new plastids may persist for some time. 
The arrangement of plastids in pairs is very striking even after all 
visible connections have disappeared. Plastid division figures, if 
present at all, are found in abundance throughout any one region of 
the leaf. In general all dividing plastids of a (pertain region are in 
approximately the same stage of division, although all stages may 
()(‘cur within a very limited area. 

Plastid division seems to be a phenomenon connected with the 
growth and maturation of the cell. 
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SOME NEMIC PARASITES AND ASSOCIATES OF THE 
MOUNTAIN PINE BEETLE (DENDROCTONUS MON- 
TICOLAE)^ 

By G. Steiner * 

Senior Nematologist, Division of Nematology^ Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

A study of the nemic parasites and associates of bark beetles is of 
both economic and scientific interest. Some of the new species 
proposed by Fuchs ^ Mn his recent works on the nemic fauna of the 
bark beetles of central Europe must be considered detrimental to the 
beetles and therefore of economic importance. The limited observa- 
tions recorded in the present paper indicate that the nemic fauna of 
all bark beetles known to occur in the United States should be investi- 
gated, as some of the nemas may prove of value in the control of the 
beetles by acting as disease carriers and as consumers of weak or 
even healthy beetles and their eggs. 

Closely related to the determination of economic importance is the 
study of the ecological relations existing between the nemas and the 
beetles. Of special interest also is the classification of the various 
genera and species. Both of these latter aspects of the subject are 
discussed in the present paper. 

MATERIAL 

The material used in the present investigation was collected at 
Metaline Falls, Wash., in July and August, 1930. Some of it was 
taken from under the bark of a pine that had been killed by the 
mountain pine beetle (Dendroctonus monticolae Hopk.) in 1929 and 
some from a pine that had become infested not more than 10 days 
before the date of collection, July 18, 1930. 


ECOLOGY 

RELATION OF NEMAS TO BARK BEETLES 

Some of the new nemic genera proposed by Fuchs ® are extremely 
close to free-living genera, and the various species represent almost 
every intermediate stage, thus illustrating the manner in which 
parasitic nomas may arise from free-living forms. From a mere 
occurrence of the nemas in the mines of the bark beetles and their 
possibly accidental use of the beetles as carriers, the way to true 
parasitism seems to proceed by the following steps: (1) The use of 
the bark beetle as unconditional carrier, (2) the extension of the carrier 
association into a regular life association under the wing covers or on 


i Received for publicatiou Jbq. 21, 1932; issued October, 1032. 

^ The material for this investigation was collected by D. DeLeon, formerly of the forest insect field station. 
Bureau of Entomology, U, 8. Department of Agriculture, at Coeur D’Alene, Idaho. 

» Fuchs, O. die NATunaEScnicHTE der nematoden und einiqer anperer parasiten. i. des ips 
T YPOORAPH ua L. 2. DES HYLOBIU8 ABiETis L. Zool, Jahfb., Abt. System., Geogr. u. Biol. Tiere 38 ; [109]-222, 
illus. 1915. 

4 NEUB AN BOBKSN UND bCsSELKAFER OEBVNDENE NEMATODEN, HALBPARASITISCHE UND 

WOHNUNOSBINMIBTER. FRBILBHBNDB NEMATODEN AU8 MOOS UND WALDERDB IN BORKBN-UND RtlSSEL- 
KAFEBQANQEN. Zool. Jahpb., Abt. System., ()kol. u. Geogr. Tiere 59 : 1506H46, illus. 1930. 

» Fuchs, G. Op. cit. (See footnote 3.) 
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the exterior surface of the beetle, (3) the production of special 
cocoons and webs by the nemas on the body of the beetle, (4) the 
habit of feeding on tne beetle itself from the outside (ectoparasitism), 
and (5) tnie endoparasitism of the nemic larvae. 

ECOLOGICAL GROUPS OF APHELENCHOIDES 

Certain species of Aphelenchoides * are free-living; others are 
parasitic, either on plants or animals; and there are numerous inter- 
mediate species. Fuchs separates his Parasitaphelenchus into the 
three following ecological groups: 

m 


proc 




,(Tdgl 


tk 


Uw 


A 

Figukb l.—Diplogasttr occidmialin (female). A.— Head end in lateral view: on, ouchium; p ex, 
excretory pore; crd gl, cardiac gland. X about 750. B.—Vulvar region in lateral view: proc, 
toothlike process. X about 630. C.— Vulvar region in ventral view: vlv, vulva; bl ov, blind end 
of anterior ovary, x about 1,090. D.— Tail: phui, phasmid. X about 530 

(1) Species whose larvae live as parasites in the body cavity of bark beetles. 
(Endoparasites.) 

(2) Species whose larvae are found with or without a cocoon either under the 
wing covers of bark beetles or attached sucking on the backs of the beetles. 
(Ectoparasites.) 

(3) Species whose larvae and adults are found in the frass of the mines or on 
the beetles themselves, but under conditions not indicative of true parasitism. 
(Free-living.) 

This classification outlines the three main aspects of the relationship 
between the species of Aphelenchoides and the bark beetles. The 
two species described in a later section of the present paper, from the 
mountain pine beetle of Washington, apparently represent true 
endoparasites. Only adults were seen, out it is highly probable that 
the larvae develop within the body cavity of the beetles. A still more 
pronounced type of parasitism is possible — that in which not only 
the larvae but also the adults are endoparasites. That this type of 

fSynonymg: Fathoapheleiichus Cobb, and Parasitaphelenchus Fuchs. (See footnotes 4 and 10.) 
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parasitism occurs in the genus Aphelenchoides is not known, but it 
may be considered possible in view of the present meager knowledge 
of these forms. 

A number of other genera described by Fuchs ^ from various bark 
beetles show a trend toward parasitic life, but the process is especially 
impressive in Aphelenchoides because the most closely related forms, 
such as species of Aphelenchus, Paraphelenchus, and Schistonchus, 
are well-known free-living or plant-parasitic species. A somewhat 
new conception of the status of these genera is suggested in the 
present paper. 

DIPLOGASTER AND THE MOUNTAIN PINE BEETLE 

Tendencies toward parasitism are evident in the genus Uiplogaster, 
although at present there is no species known that may properly be 
called a parasite. The species described herein 
is considered by the writer to be an associate, 
rather than a parasite, of the mountain pine bee- 
tle. These nemas inhabit the mines and frass 
and are probably carried by the beetles from 
one mine, tree, or locality to another. 

TAXONOMY 

DIPLOGASTER OCCIDENTALIS, N. SP. 

Diplogaster occidentalis (figs. 1-3) is closely 
related to a group of forms, namely, D. rhodani 
Stefanski, D. nudicapitatus Steiner, D. lineatus 
P'uchs, and D, consobrinus De Man.® Of these 
four forms, only I), lineatus is described from 
bark beetles. It was found in the mines of Ily- 
lobius abietis L. from Europe. D, occidentalis 
is also found living in bark-beetle mines. In A—FrluTvfowoTh^^^^ 

all, 175 specimens were observed, including 47 Sft 

males, 92 females, and 36 larvae. Free-hand sketch of pharynx 

The largest males are about one and one-half times as large as the smallest. 
Males, females, and larval specimens have an elongated filiform tail; in the male 
the base is somewhat set off from the slender end portion. (Fig. 3, C.) The 
cuticle has 18 equidistant uninterrupted longitudinal wings of the same height. 
(Fig. 3, B.) The intermediat.e portions of the cuticle, however, show annulation. 
A cross section shows the lateral and ventral cords to be rather wide (fig. 3, B); 
no dorsal cord was seen. The head structures are somewhat obscure. There 
seem to be six lips, each having a papilla. (Fig. 2, A.) In a front view, small 
slits just behind the lateral papillae are interpreted as being the external amphids. 
The oral opening is triangular in shape, with the three corners well cuticularized 
and distinct. The form of the pharynx is rather indistinct; its walls are not well 
cuticularized and are only partly thickened (fig. 2, B) ; it is narrow but deep, and 
of somewhat irregular shape. What appears to be an onchium is situated at its 
base; for an onchium, however, it is little cuticularized. The anterior cylindrical 
portion of the esophagus is followed by a well-developed medial bulb, which 
exhibits numerous radial muscle fibers and long but thin valvulae. The isthmus 
and terminal bulb are typically dipl^astroid, clear and rather transparent. 
Three cardiac glands were seen. The excretory pore opens ventrad of 
the middle bulb. The female apparatus is amphidelphic, with the reflexed 
ovaries extending back to the vulva or even past it. (Fig. 1, C.) The trans- 
parent vulva is Sitlike (fi^ 1* C); its posterior lip, in profile view, seems to form 
a toothlike process (fig. 1, B). The male has a single reflcxed testis. (Fig. 3, A.) 

» Fuchs, a. Op. cit. (See footnote 4.) 

* Man, j. G. oe. pescriftion d’une esp£:ce nu obnre diplogastek max schultze: diplouastek 
CONSOBRINUS NOV. SP. Ann. Soc. Roy. Zool. Malacol. Belg. 51: 47-54, illus. 1920. 
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Its copulatory apparatus is remarkable because of the large-sized gubemaculum — 
nearly as long as the spicula — especially well seen in side view. Linear distally, 
it widens considerably toward its inner end, which forms a rather wide plate 
ending with straight "transverse truncation. The spicula are much finer; their 
proximal ends distinctly capitate. Distally the gubemaculum exhibits in side 
view a larger and, proximad to it, a smaller process; the ventral view, however, 
shows only the larger process, which then appears very prominent. (Fig. 3, C.) 
The protrusile muscle of the gubemaculum is remarkably strong; oblique' 
copulatory muscles occur in front of the anus. The arrangement of the male 
copulatory papillae is shown in Figure 3, C and D. Of special interest are the 



Fkjurk S.—IHplogaster occidentaliH (male). A.— End of testis (free-hand sketch). B.— Cross 
section in middle r(^ion of body anterior to testis: longit al, longitudinal wing; lat crd, lateral 
cord; vnt crd, ventral cord. X about 1,070. C.—Tail end: brs m9C, bursal muscles; 9p, spicu- 
lum; gub, gubemaculum; Irg proc gub. larger process of the gubemaculum; pr msc gub, pro- 
trusile muscle of the gubemaculum; or« 9tct, bursalike structure. X about 1,070. D.~ Anal 
region in ventral view, x about 666 


small winglike or bursalike formations on each side of the tail of the male. (Fig. 
3, D.) One of the papillalike lateral structures apparently connected with this 
wing may be a phasmid, which is clearly seen on the female tail. (Fig. 1, D.) 
Measurements: 
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Diagnosis. — Diplogaster with 18 equidistant longitudinal winp, with distinct 
annulation in the interspaces. Head with six lips, each of which has a single 
papilla. Pharynx narrow, irregular, much longer than wide, without distinct 
separation into wider anterior and a narrow posterior portion, and with an indis- 
tinct, little cuticularized dorsal onchium at its base. Middle esophageal bulb 
with long but thin valvulae. Female apparatus amphidelphic, ovaries reflexcd, 
ending past the vulva; posterior vulvar lip in profile view with small toothlike 
structure. Male and female tail long, conical at base, filiform at end portion. 
Male with a very prominent gubcrnaculum, at least five-sixths of the length of 
the spicula; copulatory papillae as shown in Figure 3, C and D. 

THE GENUS APHELENCHOIDES 
Status of the Genus 

Two species from the material used in the present study were 
found to be very closely related to a number of species recently 
described by Fuchs ® under the generic name of Parasitaphelenchus. 
Unfortunately Fuchs failed to give a generic diagnosis. His descrip- 
tion reveals no characters that apply to all his species or differentiate 
them from other genera such as Aphelenchoides. All his species 
amf also the two new species described in the present paper may 
properly be placed in the latter genus. The generic name Aphelen- 
choides is here used in the sense suggested by Cobb for Pathoaphe- 
lenchus (which is antedated by the name Aphelenchoides Its 
characters, which arc here repeated, are those of the former pehus 
Aphelenchus, but not those that must be recognized since the discov- 
ery of the males of the type species of Aphelenchus, A. avenue. This 
species exhibits character's that separate it widely from the forms with 
which it has hitherto been associated and which must now be included 
in the genus Aphelenchoides. The writer has given a fuller dis- 
cussion of this question elsewhere. 

Fuchs mentions for four of his Parasitaphelenchus species a 
character which, if proved to be valid, would fully justify the creation 
of a new genus, namely, the location of the nerve ring in front of the 
esophaged bulb in the species Parasitaphelenchus typographic P, 
duhiuSc conjunctusj and P. hylastophilus. This position of the 
nerve ring, if established, is exceedingly remarkable, so much so that 
further observations must be made before it can be accepted. If, 
however, it is accepted as a generic character, most of the species 
included by Fuchs in the genus Parasitaphelenchus would have to be 
excluded. 

At present, therefore, it is not possible to recognize Parasitaphelen- 
chus as a genus in good standing, but it should be synonymized with 
Aphelenchoides. If a division of the latter genus is to be made, it 
could only be on characters that are not yet entirely clear and certain. 
If the future should show the need for the creation of a new genus, 
its characters will have to be formulated anew. 

» Fveus, G. Op. cit. (See footnote 4.) 

Cobb, N. A. Uphelenchus betusus with a proposed division of aphelenchus.] Helminlhol. 
Soc. Wash. Proo., Jour. Parasitol. 14: 67. 1027. 

» Fischer, M. Cbbb einb cleuatis-krankheit. Ber. Physiol. Lab. Landw. Inst. Halle 3 (Heft 11): 
1-11, Ulus. 1894. 

“ Steiner, g. on the status of the nemic qenbra aphelenchus bastian, pathoaphelenchus 
COBB, PARAPHBLBNCBUS MICOLBTZKY, parasitaphelenchus FUCHS, IBONCHU8 COBB AND SEINURA FUCHS. 
Jour. Wash. Acad. Scl. 21: 408-476, Ulus. 1931. 

13 annotations on the nomenclature of some plant PARASITIC NEMATODES. Jour. W’ash. 

Acad. Scl: Un press.) 

Fuchs, u. op. cit. (See footnote 4.) 
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The generic characters of Aphelenchoides are as follows: 

(1) The males have no bursa but only copulatory papillae; the spicula are short, 
strongly arcuate, proximally wide to very wide, distally more or less pointed; the 
gubernacula are absent; the testis is single. 

(2) The postbulbar portion of the esophagus is more or less distinctly assimi- 
lated by the intestine, which therefore appears to begin inamediately behind the 
esophageal bulb. This latter is the homologue of tne middle esophageal bulb 
in Tylenchus and other genera. 

(3; The outlets of the three salivary (esophageal) glands are located in the 
esophageal bulb, the dorsal one anterior and the two ventro-s\ibmedial ones pos- 
terior to the valvulae. 

(4) The females are prodelphic with 
nmnh ^ more or less reduced posterior gonad- 

/iB^r branch still present. 





.... si/iafpl 




aitioegl 


post brut/. 


-Parts of Aphelenchoides conurus. A.- 


Aphelenchoides conurus, n. sp. 

Only two specimens of Aphelen- 
choides conurus (fig. 4) were seen, 
and unfortunately one of them was 
lost during preparation. The fol- 
lowing description is therefore 
based mainly upon a single female. 

The tail is elongate-conical, but, in 
contrast to other species, not mucro- 
nate. The cuticle is annulatcd but has 
no wings. The specimen observed had 
a distinct lip region which exhibited all 
the characters typical of the genus. 
There are four submedial papillae, and 
laterally rather distinct amphidial open- 
ings. The spear is short but rather 
wide; notable is the absence of knots 
or swellings at its proximal end. The 
spear thus offers the best specific char- 
acters. The esophageal bulb is excep- 
tionally large (fig. 4, A); its valvulae 
are distinct but not prominent; radial 
muscle fibers were not seen. The am- 
pullae and outlets of the salivary or 
esophageal glands could be distin- 
guished; they seem to have the normal 
position, that is, the position typical for 
Aphelenchoides. The dorsal gland 
opens in the anterior portion of the 
bulb and the two subventral ones in 
the posterior. The intestine begins at 
the bulb as a cylindrical tube which, 
however, swells after it has passed 


Head end of female: ompA, amphid; ppt sub- " T+rinCt; 

medial papilla; oe (ff, outlet of dorsal esophageal through the nerve ring. Its lumen is 
gland; subv oe gl, outlet of subventral esophageal very indistinct; its tissue is filled with 

reserve material, the cell walls being 
therefore obscurk The rectum, too, 
is rather indistinct, perhaps not even 
functional. The excretory pore was not seen. The female apparatus is prodel- 
phic, but, as in other members of the genus, a large posterior branch of the uterus 
extends nearly to the anus. The vagina leads slightly forward. The eggs are 
about three times as long as wide. 


Measurements: 

Female: 


1.0 mm. 
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Diagnosis — Aphelenchoides with elongated^ conical nunniucronate tail. 
Spear short but wide, without basal swellings. hJsophageal bulb large, spherical, 
apparently without radial fibers. Living as parasite and associate of the mountain 
pine bettle. 

Aphelenchoides acroposthion, n. sp. 

Several females and males of Aphelenchoides acroposthion were 
found. Compared with other members of the genus, this species is a 
very large form. 

Although the specimens had the appearance of true parasites, no 
exact facts were known as to their relationship to the mountain pine 
beetle except that they have been found in the mines of the beetles. 
Since only adult specimens were present, one is led to suppose that 
their larvae may be endoparasites of the beetle. 

The body is very slender and elongate. The tail of the female is short and 
bluntly rounded (fig. 5, A); that of the male is also short, and its base is similar 
to tliat of the female but with the difference that it ends in a short hornlike 
process (fig. 6, D). The cuticle is finely annulated, but no lateral membrane 
was seen. The distinctly set-off Up region exhibits in a front view six rounded, 
well -separated lips. (Fig. 5, B.) A cuticularized ring with six short rays 
encircles the oral oi)ening. The structures of the head end were rather obscure, 
but it is believed that the amphids were seen in the position shown in Figure 5, B. 
This species, like other members of the genus, has four submedial papillae. 
The spear is extremely fine (fig. 5, E) and appears to be composed of three 
different portions — an anterior conical portion rather well cuticularized, a suc- 
ceeding short cylindrical portion also well cuticularized, and then a long cyKn- 
drical portion which is hardly cuticularized and which, posteriorly, is set off 
from the esophageal canal only by the attachment of the protruding spear muscles. 
No basal swellings were seen. The esophageal bulb is well developed and of 
oval shape; it has rather long but thin valvulae. (Fig. 5, F.) The radial 
muscles attached to the valvulae exclude a more glandular i)ortion at the an- 
terior and posterior ends of the bulb. The connection of the intestine with this 
bulb is much the same as in othc^r forms of Aphelenchoides. The nerve ring 
occurs a short distance behind the bulb. The intestine is of somewhat degen- 
erate cliaractcr; its cell walls can hardly be recognized, the wl)ole organ being 
filled with reserve material. As in the previous species, the rectum and anal 
opening arc extremely fine and obscure. No excretory i)orc was seen. The 
vulvar opening is well marked because the body narrows just behind it. The 
female sexual apparatus is inodclphic; there is, however, a well-developed 
posterior branch of the uterus, and attached to it there appears to be a vestigial 
ovary extending nearly to the anus. The anterior ovary extends forward nearly 
to the nerve ring. The very short sexual apparatus of the male is of the pro- 
orchid type, with the end of the testis reflexed. Figure 5, D, gives a lateral view, 
and Figure 6, C, a ventral view of the copulatory apparatus. It seems that the 
two spicula are amalgamated, forming a single spiculum, pointed at the outer 
end, but very wide at the inner end. The ventral apophysis exhibits at its inner 
end a short process pointing ventrad; the dorsal apophysis is somewhat swollen 
proximally. Only one male was studied in ventral view; it showed in the anal 
region a peculiar lateral expansion somewhat resembling a vestigial bursa. 
Two papillae were distinctly seen on the inside of this expansion, one in the anal 
.region and the other at the* base of the hornlike process. It is doubtful whether 
these males are fully functional. 

Measurements; 


Male: 

Female: 


0. 8 5. 7 6. 2 M 99. 2 , ^ 

0. 9" 0.9 1.6 ■ ““0. 6 l O™™' 

0. 6 3. 6 4. 1 ^*82. 3^® 92. 0 99. 0 „ 

0. 4 0. 8 0. 8 1. 2 0.'9 ^ * 


Diagnosis. — Aphelenchoides of long, slender shape. Tail of female short, 
obtusely rounded; that of male broadly conical at the base, mucronate. Spear 
rather narrow, of average length, without basal swellings. Esophageal bulb 
ovoid. Vulva well marked because the body narrows abruptly behind it. Male 
with slightly sublatoral papilla in latitude of the anus, and another somewhat in 
front of terminal process. 
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SUMMARY 

Some nemic associates and parasites of the mountain pine beetle 
are described and their economic significance is discussed. The 
various phases of the mutual relationship of the bark beetle and the 



Fiourk St.—AphtUnchoidcs acroposthion. A. —Posterior portion of female; ov, egg; post hr ui, pos- 
terior branch of utenis; vst onr, vestigial ovary; ref, rectum; rnd trm, rounded tail. X about 720. 
B.— Front view of head: nU $tct, cuticulariRed structure; amph, amphid; subm ppl, submedial 
papilla. X about 940. C —Tail of male, ventral view: lat exp, lateral exitansion; ant cop ppl, 
anterior copulatory papilla; post cop ppl, posterior copulatory papilla. X about 720. D.— Tail of 
male, later^ view: bre m»c, bursal muscles; pTvnl appA, process of ventral apophysis; sp, spicnilum; 
proc, hornlike process (macro.). X about 720. E.— Free-hand sketch of spear. F.“-.\nt«rior 
I>ortion of body: gl, granulated i)ortion of esophageal bulb, x about 720 

nemas are considered (free association, carrier relationsliip, ecto- 
parasites, endoparasites) . The taxonomy of the genus Aphelenchoides 
and three nemas new to science, IHplogaster occidentalism Aphelench- 
oides conurusj and A. acroposthion, are discussed and morphological 
descriptions given. 



THE VITAMIN A, B, C, AND G CONTENT OF CONCORD 

GRAPES* 


By Esther Peterson Daniel, Associate Nutrition Chemist, and Hazel E. Mijn- 
SELL, Senior Nutrition Chemist in Charge, Nutrition^ Studies Section, Foods 
and Nutrition Division, Bureau of Home Economics, United States Department 
of Agriculture 

INTRODUCTION 

During an earlier study ^ the vitamin A, B, C, and G content 
of Sultanina (Thompson Seedless) and Malaga grapes as well as two 
brands of commercial grape juice was determined. Since the com- 
pletion of this w^ork, there have been numerous requests for informa- 
tion concerning the vitamin content of Oon(‘-ord grapes {Vitis labrusca), 
and in consequence the study presented here was conducted. 

PLAN OF STUDY . 

The eVincord grapes tested were purchased at retail stores and 
were therefore representative of the fruit available to the consumer. 
Only the edible portion of the fruit was used in the experiments. This 
portion consisted of as much pulp and juice as could be removed from 
the skins, which were discarcled as nonedible. The edible portion of 
the fruit was fed in 2, 4, and 6 g daily amounts in the tests for the 
vitamin A, B, and G content, and in 10, 12, and 15 g daily allotments 
in the vitamin C determination. Eight rats were fed each dose 
tested for vitamin A, B, and G, and seven guinea pigs were used in 
the vitamin C determinations. 

Following the technic used in the earlier studies, vitamin A was 
determined by the Sherman and Munsell method,^ vitamin B by a 
method worked out in this laboratory similar to one outlined hy 
Cubase, ^ vitamin C by the histological procedure described by Hojer,® 
and vitamin G by the writers^ own method, which is not unlike that 
used by Sandels.® The diets and procedures used in determining 
each of these vitamins are given in the earlier paper.^ 

RESULTS 

A summary of the data obtained in the vitamin A determination, 
illustrated in Figure 1 , shows that 6 g of the edible portion of Concord 
grapes fed as the sole source of vitamin A induced but very little 
growth in the rats during the 8-week test period. From this evidence 


> Received for publication June 16, 1932; issued October, 1932. 

* Daniel, K. P. and Mun.skll, II. E. the vitamin a, b, r, and g iiontent of sultanina (thomfson 
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it must be concluded that the pulp and juice portion of the Concord 
grape is a poor source of vitamin A. The edible portions of the Sul- 
tanma (whole) and Malaga (seeded) grapes, which contain only small 
amounts of vitamin A, as shown by the earlier investigation, are 
nevertheless a richer source of this vitamin than the edible portion of 
Concord grapes. This is evident from the fact that 5 g daily of 



Sultanina or Malaga grapes produced a greater gain in weight than 
did 6 g daily of Concord grapes. 

The results of the vitamin B tests, portrayed graphically in Figure 
2, show that there are very small but detectable amounts of vitamin 
B in the edible portion of Concord grapes. In contrast to these find- 
ings, Malaga (seeded) and Sultamna (whole) grapes proved to be 
fair sources of this vitamin. 

Although 10, 12, and 15 g quantities of the Concord grape pulp and 
juice were fed daily as a source of vitamin C, the results oi a histolog- 
ical examination of the teeth of the experimental guinea pigs showed 
no evidence of protection. The same quantity of Malaga (seeded) 
and Sultanina grapes (whole), while insufficient to give complete 
protection, contained small amounts of vitamin C. 

^ There is no demonstrable amount of vitamin G in the edible por- 
tion of Concord grapes. (Fig. 3.) Malaga (seeded) grapes also 
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showed no evidence of the presence of this vitamin, while Sultanina 
(whole) grapes contained only a very slight quantity. 

The edible portions of the Malaga (seedea) and Sultanina (whole) 
grapes were, with one exception, richer in each of the vitamins tested 



TIME (DAYS) 


FmiJRK 2.-'-AveraKe gain or loss in weight of groups of young rats fed the edible portion of Concord 
grapes ( Viti% labrusca) as the sole source of vitamin U (antineuritic). The broken lines begin at a 
point Indicating the occurrence of the first death in the group. The weighed quantity of grapes 
fed dally six times a week i.s indicated at the end of the curves 

than was the edible part of the Concord grapes; the Malaga and 
Concord grapes were both lacking in vitamin G. It may be possible 
that some of the vitamin value of the Concord grapes was lost when 



TIME (days) 

FiounE 3."*-A verage gain or loss in weight of groups of young rats fed the edible portion of Concord 
grapes (Vitis labrusca) as the sole source of vitamin G. The weighed (juantity of grapes fed daily 
six times a week is indicated at the end of the curves 

the skins were discarded. The skins were retained in the teats made 
on Malaga and Sultanina grapes. It is known that in the case of 
some other fruits vitamins tend to be concentrated in the skin or in 
the portion directly beneath the skin. 
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SUMMARY 

The vitamin A, B, C, and G content of the edible portion of Con- 
cord grapes (Vitis labrusca) w&s detennined. The edible portion was 
considered as the part remaining after the removal of the skins. 

Results showed that this portion of Concord grapes contains a very 
small amount of vitamin A and barely detectable amounts of vitamin 
B. There was no evidence of the presence of either vitamin C or 
vitamin G. 

Earlier studies indicate that edible jiortions of Malaga (seeded) 
and Sultanina (whole) grapes (Vitu tylni^era) possess a greater vita- 
min A, B, and C content than does the edible portion of Concord 
grapes. Sultanina grapes appear to contain a small amount of vita- 
min G, which makes them a richer source of this vitamin. One 
explanation for these differences may be found in a possibly greater 
concentration of vitamin in the skins, which were retained in the case 
of the Sultanina and Malaga grapes and were discarded as a nonedible 
portion of the Concord grapes. 
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EFFECT OF CARBON DIOXIDE CONTENT OF STORAGE 
ATMOSPHERE ON CARBOHYDRATE TRANSFORMA- 
TION IN CERTAIN FRUITS AND VEGETABLES ‘ 

By Ehston V. Miller, Assistant Physiologist, and Charles Brooks, Principal 
Pathologist, Division of Horticultural Crops and Diseases, Bureau of Pla¥lt 
Industry, United States Department of Agriculture ^ 

INTRODUCTION 

In an earlier article the writers (7) have discussed the inhibiting 
effect of carbon dioxide on the growth of fruit-rotting fungi and its 
retarding effect on the ripening processes of fruits and vegetables in 
storage. The present paper supi)lements the previous one by present- 
ing the results of chemical analyses of fruits and vegetables treated 
with carbon dioxide. 


WORK OF OTHER INVESTIGATORS 


Many investigators have studied the chemical changes that take 
place in fruits and vegetables after harvest and during storage. 
Th)swell {5) has shown that in the ripening processes of pea seeds ‘there 
occurs a rapid decrease in the per<‘entage of sugar and soluble nitrog- 
enous substances and an increase in starch, total acid-hydrolyzable 
substances, and insoluble nitrogen compounds (largely proteins). 
He adds that these changes are so rapid that a slight delay in harvest- 
ing results in markedly low quality, and that high sugar and low 
starch content in young peas is essential for high quality. 

Jones and Bisson (§a) found that at 0® C. no important changes 
occur in the carbohydrate content of freshly harvested peas. At 
temperatures above 0° there is a loss in percentage of the more mobile 
carbohydrates and an increase in percentage of the more stable 
carbohydrates. These changes appeared to occur most rapidly at 
25°, and more rapidly in shelled than in unshelled peas. 

Kertesz {8h) reported that changes in the chemical composition of 
green peas begin immediately after shelling. Important among these 
changes are loss of sucrose and increase in alcohol-insoluble residue. 

A number of investigators have studied the rapid depletion of sugar 
in green sweet corn after its removal from the stalk. That sweet 
corn loses a large percentage of its sugar content after removal, espe- 
cially at summer temperatures, has been demonstrated by Straughn 
{ll)f Straughn and Church {12), Stevens and Higgins {10), Applernan 
and Arthur {!), and others. Applernan and Arthur found that the 
depletion of sugar does not proceed at a uniform rate but is more rapid 
at first and slows down as it approaches equilibrium, which is reached 
at the point where about 62 per cent of the total sugar and about 70 
per cent of the sucrose have been lost. They state that in general 


1 Received for publication Dec. 18, Iflftl; issued October, 1932. 
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the rate of loss is doubled for every 10 degrees^ increase in temper- 
ature between 10° and 30° C. until it reaches 50 per cent of the 
initial total sugar and 60 per cent of sucrose. 

Sweet chernes have been studied by Hartman and Bullis (8), who 
report that in ripening there is an increase in the sugar and solid 
content of the fruit, a decrease in acidity and astiingency, and an 
increase in specific gravity of both the fruit and fruit juice. Except for 
loss of weight and volume, there were no striking chemical or physio- 
logical changes in the fruit immediately after removal from the tree. 

Bigelow and Gore W) conducted studios on the after-harvest changes 
in ^‘market-ripe” peaches at three different storage temperatures. 
They divided the actual daily loss in grams of the substance per 
peach by the solid matter in the flesh at the beginning of storage. 
Averaging the results of several varieties, they found a loss of “marc,” 
acids, and sucrose at each temperature and in general an increase of 
reducing sugars. 

Appleman and Conrad (^), in studies of the pec tic constituents of 
peaches, showed that the conversion of protopectin to pectin could be 
greatly retarded at low temperatures. 

Kidd and West (.9) reported that an atmosphere of 5 to 15 per cent 
O 2 combined with 10 to 15 per cent CO 2 about doubles the storage 
life of apples so long as the temperature is above that associated with 
low-temperature injury, and that the rate of loss of sugars was about 
halved under optimum gas-storage conditions as compared with stor- 
age in air at the same temperature. 

Recently Thornton (13^) reported on the tolerance of fruits, vege- 
tables, and flowers to CO 2 and discussed the use of the gas for retard- 
ing the ripening of bananas and for removing the astringency of pears. 

EXPERIMENTAL PROCEDURE 

MATERIAL AND TREATMENT 

In the present work the fruits and vegetables were treated with 
various percentages of (X )2 for certain ])eriods of time. Comparable 
material was placed at each of the temperatures 0°, 5°, 10°, 15°, and 
20° C. In some of the experiments a temperature range of 5°, 10°, 
15°, 20°, and 25° was substituted. Constant temperatures were 
maintained by means of the chambers employed by Brooks and 
Cooley (6*). There w^ere tw^o lots at each temperature, one receiving 
the CO 2 treatment and the other not treated and therefore considered 
as a control. The treated lots were placed in 9-liter glass jars, the 
ground-glass covers of which had been replaced by 2-hoIe metal 
covers sealed with plasticine. The (controls were held in glass moist 
chambers or similar 9-liter glass jars without stoppers. 

A constant percentage of carbon dioxide was maintained in the 
test chambers by means of a continuous renewal of the storage air. 
The desired concentration of CO 2 was obtained by mixing ordinary 
laboratory air with CO 2 . By means of water displacement the gaseous 
mixture was driven through copper tubing into the experimental jars 
in the constant-temperature chambers. The gas was passed through 
coils of copper tubing within the chambers before entering the jars 
in order to bring it to the same temperature as the fruit in the jars. 
By means of a pinch clamp the ratebi flol^ of the gas was so regulated 
as to permit about 90 gallons of gas to pass through in a period of 24 
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hours. At the beginning of each experiment the gas was first bubbled 
through very rapidly until the atmo^Aere surrounding the fruit had 
attained the desired concentration of CO 2 . The exact concentration of 
CO 2 employed in the experiment was determined by means of an 
Orsat gas apparatus, the percentage usually falling a little below the 
theoretical. 

Peas, sweet corn, peaches, and cherries were used for the experi- 
ments. Alaska, Graaus, and Nott Excelsior peas were obtained from 
the Arlington Plxperiment Farm, Rosslyn, Va., near Washington, 
D. C. Sutton Perfection peas, grown at Mountain Lake Park, Md., 
were brought to Washington under ‘Hop icing.’^ A recording ther- 
mometer in the pack indicated that the temperature was about 0° C, 
while the peas were in transit. Cherries and peaches were procured 
from the open market, the peaches being in what was apparently the 
“market ripe/’ stage of maturity. The sweet corn was obtained 
either from the Arlington ‘farm or from Falls Church, Va., and was 
harvested early in the morning and quickly- brought to the laboratory. 

The amount of material employed for each lot was 250 g of 
peas in pod, 100 g of cherries, 10 to 15 peaches, and 4 half ears of 
corn in the “milk” stage. The earn of corn were cut in half trans- 
versely, and one half ear with husk was placed in the C ()2 lot and the 
other half in the control. Thus each lot contained the halves of four 
different ears. Alternate ears were reversed in order that each lot 
might receive first the tip half and then the butt half. 

When the treatment extended over a period of from three to six 
days samples were removed every 24 or 48 hours, la these instances 
over a kilogram of peas and 10 cars of corn were employed for each 
lot. 

SAMPLING 

At the end of the C ()2 treatment the lots w^ere removed, tested for 
flavor, and preserved for subsequent moisture and carbohydrate 
determinations. 

For moisture samples, 8 to 5 g of macerated peas or corn and 5 to 
10 g of peaches or cherries were placed in a weighing bottle, weighed, 
covered with 10 c c of absolute alochol, and dried to constant weight 
at 70° to 80° C. in a vacuum equal to 25 in<dies of mercury. 

The material for the carbohydrate analyses was preserved in alcohol. 
The peas were hulled and sampled whole, the cherries were pitted and 
sliced, the peaches were peeled, jiitted, and ground in a food grinder, 
and two to four rows of sweet-com kernels were completely reirnoved 
from each ear by means of a sharp scalpel. The fresh material was 
dropped into a counterpoised Kohlraus(*h flask containing 0.25 g of 
CaCOa, weighed on a torsion balance, and covered with sufficient hot 
95 per cent alcohol to make the final mixture 80 per cent. The 
samples were boiled on a water bath for from three to five minutes. 
Duplicate samples contained 20 g of peas, 40 g of cherries, 20 or 40 
g of peaches, and 16 or 20 g of com. 

CHEMICAL ANALYSES 

Sugar was extracted from the sweet-corn samples either by the 
method of Appleman and Arthur (1) or in accordance wdth the recom- 
mendations of the Association of Official Amcultural Chemists 
When the extract was cooled to 20° C. the volume was made up to 200 
c c, filtered, and 150 c c was withdrawn for analyses. 
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With peaches and cherries the supernatant alcohol was decanted 
off and the sample given three 30-minute refluxings with 80 per cent 
alcohol. Peas were extracted in the same manner, except that they 
were ground in a mortar before refluxing. The alcoholic extract of 
peas, cherries, and peaches was made up to a volume of 500 c c. 

The alcoholic aliquots from all samples were evaporated down 
on a water bath, the alcohol being replaced with distilled water. 
When cooled again the aqueous solution was transferred to 200 c c 
flasks, clarified with neutral lead acetate, and the excess lead removed 
by means of sodium carbonate or potassium oxalate. The volume 
was made up to 200 c c, and reducing sugars were determined by 
the Munson and Walker method. Aliquots of 50 c c were reserved 
for total sugars. In some experiments the total sugar was determined 
as reducing sugar after inversion with hydrochloric acid and neutrali- 
zation with sodium carbonate. In other experiments the inversion 
was made by a commercial preparation of invertase and reported 
as sucrose. In either case the results were computed as sucrose. 
Total sugar reported for peaches and sweet corn represents the sum 
of reducing sugar and sucrose. In peas only traces of reducing 
sugar were found, and in cherries only traces of sucrose. 

The sugar-free residues were retained for determination of acid- 
hydrolyzable polysaccharides. (Completeness of sugar extraction 
was determined by the alpha-naphthol test.) The dried sample 
was placed in a Kjeldahl flask containing 200 c c of distilled water 
and 20 c c of dilute hydrochloric acid (specific gravity 1.125) and 
hydrolyzed for three hours in a water bath. The solution was 
neutralized with sodium carbonate, and reducing substances were 
determined by the Munson and Walker method. The results were 
computed as starch and reported as acid-hydrolyzable polysaccharides. 

RESULTS 

,, PEAS 

The effect of the treatment with CO 2 on the carbohydrate content 
of Alaska and Sutton Perfection peas is shown in Table 1 . 

Table -Total sugar and acid-hydrohjzahle polysaccharides in peas treated 

with CO 2 


[Expressed as percentage of fresh weight] 


Variety 


Alaska 


Sutton Perfection. 



Treatment 

Total sugar 

Acid-hydrolyz- 

able 

poly.sa(:charides 

COi 

Teniijerature (®t\) and time 

In 

treated 

product 

In 

control 

1 

In 

treated 

product 

fn 

control 

Per 

cent 

[25®, 1 day 

4.6 

2.6 

5.9 

8.7 


20®, 1 day 

4.3 

3.0 

6.5 

8.3 

44 

16®, iday-.. 

4.7 

3. 1 

7.0 

8.3 


10®, 2 days 

4.2 

3. 1 

6.7 

8. 1 


5®, 2 days 

4.3 

4.2 

8.9 

7.7 


20®, 1 day 

5.8 

4.9 

2.9 

4.2 


16®, 1 day 

5.9 

5.6 

2.6 

3.2 

42 

10®, 1 day-^ 

6.0 

5.7 

3.0 

3.3 


6®, 2 days 

6.1 

6.2 

2.8 

2.6 


0®, 2 days 

6.4 

1 6.6 

3.7 

3.8 
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With both varieties the CO 2 treatment resulted in the retention 
of a higher percentage of total sugar and a lower percentage of 
polysaccharides at all but the lower temperatures. The difference 
between the treated and control lots is much more pronounced with 
the Alaska peas than with the Sutton Perfection. A possible explana- 
tion of this may be found in the fact that in 1980 this section of the 
country experienced the worst drought on record, the effects of 
which were not so evident when the Alaska peas were harvested as 
later when the Sutton Perfection peas were ripe. In the case of the 
Alaska peas it will be observed that the treated lots at 10°, 15°, and 
20° C. retained 85, 51, 


and 43 per cent more 
total sugar, respec- 
tively, than did the 
controls at these tem- 
peratures, At 2 5 ° 
there was 76 per cent 
more sugar in the treat- 
ed lots than in the con- 
trols. 

With the Sutton 
Perfection peas the 
treated lots at 10° and 
15° each contained 5 
per cent more sugar 
than the controls, and 
at 20° there was 18 
per cent more sugar 
in the treated lots 
than in the controls. 

The results for the 
Grad us and Nott Ex- 
celsior peas a.pi)ear in 
Figures 1 and 2, re- 
spectively. Both treated and control lots at 5°, 15° 





w 
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0 ^ 7^ 


FKiUUE 1— Ellect of exposure to 47 per (‘ont (’Oj on suerrose in 
Nott Excelsior iietis at various leinperatures. (Solid lines, treated; 
broken lines, controls) 


and 25° were 


compared with a control at 0° C. 

The excess of sucrose in the treated lots over the controls is most 
pronounced at 25° and 15° C. and is more marked as the time element 
increases. At the end of two days the treated Gradus peas at 15° 
contained over 10 per cent more sugar than did the controls at the 
end of the same period. During this time Nott Excelsior peas at 
15° contained over 20 per cent more sugar than the controls. The 
contrast in the case of the Gradus peas was much more pronounced 
for the 8-day treatment. At the end of three days the flavor of the 
Nott Excelsior peas at 15° and 25° was objectionable. The low 
temperature of 5° appeared as effective as the CO 2 treatment in 
retaining the sucrose in the peas, 

SWEET CORN 

The results of the CO 2 treatment upon the sugar content of Stowell 
Evergreen sweet corn will be found in Table 2. 
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Table 2. — Total sugar in Stowell Evergreen sweet corn treated with CO2 
[Expressed as percentage of fresh weight] 


Temperature (* C.) and time of treatment 

35 per cent COs 

45 per cent COa 

Treated 

Control 

Treated 

Control 

20®, 1 day 

3.7 

3.1 

4.1 

3.1 

15®, 1 day 

3.3 

3.2 

4.3 

3.7 

10®, 1 day . 

3.8 

3.4 

4.2 

3.7 

5®, 2 days 

4.5 

4.2 

4.3 

4.1 

0®, 2 days 

4.8 

5.2 

5.3 

4.0 



It will be noted that with 45 per cent CO 2 the treated lots at all 
temperatures retained a higher percentage of total sugar than did 

the controls, the contrast being 
greater at the higher temperatures. 
The sweet com treated at 20° C. 
contained about 30 per cent more 
sugar than the untreated lot at 
the same temperature, whereas at 
15° and 10° the treated lots con- 
tained over 10 per cent more sugar 
than the untreated lots. The effect 
of 35 per cent CO 2 on sweet corn 
was similar to, though not so great 
as, that of 45 per cent C() 2 . 

The results for the Early Ever- 
green and Golden Bantam sweet 
corn appear in Figures 3 and 4, 
respectively. 

In contrast to the results for 
peas, the effect of CO 2 on the sugar 
content of sweet corn was less pro- 
nounced at 25° C. than at the 
lower temperatures. This is espe- 
cially true for Golden Bantam 
corn. The general effect of the 
CO 2 on both varieties was to retard 
the sugar loss during the storage 
period. In the results for Early Evergreen sweet com in Figure 
3 it is interesting to note the grouping of the curves for the second 
day. Apparently the CO 2 treatment was equivalent to a 10-depee 
drop in temperature for the 25® and 15® lots and a 5-degree drop 
for the 5® lot. 

In the Golden Bantam variety the CO 2 was ineffective in retarding 
the loss of sugar at 25® C. At 15®, however, there was over 20 per 
cent niore total sugar in the treated than in the untreated lots for 
the first and second days. On the third day the sugar in the treated 
lot had dropped to the level of the control. At 5® the treated lots 
contained over 20 per cent more total sugar than the controls for 
two, four, and six days, but the com had begun to lose its palatability 
on the sixth day. 



Fkjuue 2.~EITecl of exposure to 44 per cent (■'O 2 
on sucrose in CJradus peas at various tempera- 
tures. (Solid lines, treated; broken lines, con- 
trols) 
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PEACHES AND CHERUIES 

In Table 3 will be found the results of COo treatment of sour 
cherries, sweet cherries (Bing variety), and Belle peaches. The 



Figure 3. — Effect of exposure to 43 iier cent COj on total su^ar in 
Early Evergreen sweet corn at various temperatures. (Solid lines, 
treated; broken lines, controls) 


sour cherries received 45 per cent CO 2 for 2 and 4 days; the sweet 
cherries 44 per cent C ()2 for 2 and 3 days; and the peaches 35, 
43, 44, and 47 per cent CO 2 for 1 and 2 days. The variation in 



Figure 4.— Effect of exposure to 49 per cent COj on total sugar in 
(lolden Bantam sweet corn at various temiieratures. (Soli<l lines, 
treated; broken lines, controls) 


the results with these different percentages of CO 2 on the peaches 
was very slight, and they have been averaged for the reader’s 
convenience. 
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Table 3. — Reducing sugary total sugar, and add-hydrolyzable polysaccharides in 
cherries and peaches treated with CO2 


[Expressed as iiercentage of fresh weight] 


Fruit 

Treatment 

Reducing sugar 

Total sugar 

Acid -hydrolyz- 
able polysac- 
charides 

CO 3 

Temperature (® C.) 
and time 

In 

treated 

product 

In con- 
trols 

In 

tre 8 te<l 

pro<iuct 

In con- 
trols 

In 

treated 

product 

In con- 
trols 


Per cent 










20 ®, 2 days - . 

7.5 

6.0 



0.62 

1. 17 



i.5®,' 2 days 

7.5 

7.3 



.53 

.69 

Sour ohflrrifls 

4.5 

( 10 °, 2 days. 

6 . 5 

7.2 



.63 

.60 



5 °, '4 days 

6.5 

7.8 



.54 

.49 



2°, 4 days 

7.2 

7.2 


- 

, 55 

.59 



20®, 2 days 

12.0 

13.2 



.68 

.88 

Sweet cherries (Bing 


16°, 2 day.s 

13.6 

12.2 



.78 

.82 

variety) ... . 

44 

10®, 2 days. . 

13.0 

12.4 



.82 

.84 



.5®, 3 days 

11.1 

12.2 



.73 

. 76 



0®, 3 days 

11.6 

11.8 



.66 

.68 



[20°, 1 day 

2.2 

2.2 

6.7 

■''‘7.i' 

.84 

.89 



15®. 1 day..,. 

2.2 i 

2.3 

6.3 

6.3 

1.06 

.95 

Peaches (Belle) - - 

« r)-47 

10®, 2 days — 

2.0 

2.4 

5.8 

7.3 

.83 

.98 



.5®, 2 days 

2.2 

2.2 

7.3 

6.8 

. 85 

1.01 



0®, 2 days 

2.2 

2.0 

7. 1 

7.0 

.80 

.78 


« Average of four experiments in which the i)ereentage of gas was 36, 43, 44, and 47, respectively. 


Apparently the CO2 produced no efleet upon the carbohydrate 
content of the peaches and cherries. The percentage of sugar and 
acid-hydrolyzable polysaccharides remained practically constan t 
for both lots at all temperatures with the sour (dierries, sweet cherries, 
and peaches. 

DISCUSSION 

The fact that there were no significant efTccts on carbohydrate 
transformation in the cherries and peaches as a result of the CO2 
treatment may help tq, answer a question frequently asked concerning 
the effect of CO2 on fresh fruits. In a previous paper ( 7 ) reference 
was made to the deleterious effect of too great a concentration of 
CO2 on the flavor of certain fruits such as peaches, strawberries, and 
raspberries. The question naturally arises as to whether the actual 
food value is also affected. From the evidence presented, the carbo- 
hydrate content of peaches and cherries appears to undergo no signifi- 
cant change from the CO2 treatment given them. It should be re- 
called that the after-harvest behavior of peaches and cherries is very 
different from that of seeds like peas and corn. In other words, fruits 
are not converting their sugar to starch after harvesting, as is the 
case with peas and corn, and the amount of sugar consumed in respira- 
tion does not seem to be influenced by the CO2 treatment. With the 
fresh fruits the CO2 serves its purpose by keeping them firmer for a 
longer time than would be the case with storage in air. 

By far the most pronounced effect of CO2 on carbohydrate content 
was noted with peas and corn. It is common knowledge that these 
vegetables rapidly lose their palatability after being harvested, es- 
pecially if held at summer temperatures, and this Toss of flavor is 
lamely the result of the conversion of sugar to polysaccharides. 

The results of this work indicate that the conversion of sugar to 
starch in peas and corn can be considerably retarded by treatment 
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with CO 2 of the proper concentration. The greatest effect on peas 
was noticed at temperatures of 15°, 20°, and 25° C. At 5° and 0° 
the effect was not marked. Treated Sutton Perfection peas at 20° 
were 18 per cent higher, and Alaska peas at 25° were 76 per cent higher 
in total sugar than were the cinitrols. The results for the Nott Ex- 
celsior and Gradus peas were similar though not so pronounced. 

With all of the sweet corn except Golden Bantam the proper con- 
centration of CO 2 retarded the sugar loss at all temperatures em- 
ployed. In contrast to the results with peas, the effect of CO 2 on 
sweet corn was even more pronounced at the lower temperatures. 
In the experiments on Early Evergreen and Golden Bantam the 
carbohydrate changes could be easily followed by means of the con- 
secutive sampling of the same lot. 

At the time of sampling, the fruits and vegetables were tested for 
flavor. In all the peaches treated with CO 2 at 15° and 20° C. there 
was noticed a distinctly overripe flavor; those at 10° were generally 
questionable or on the border line, whereas at 5° and 0° no effect was 
noticed. Cherries were generally unaflected by the CO 2 treatment. 

Data on the effect of (X )2 on the flavor of peas and corn were ob- 
tained by the continual exposure to the gas indicated in Figures 1-4. 
Forty-seven per cent CO 2 for 2 days did not affect the flavor of Nott 
Excelsior peas held at 5°, 15°, and 25° C. By the end of 3 days the 
15° and 25° lots were objectionable in flavor, but those at 5° .were 
still satisfactory. The Gradus peas at 25° endured 44 per cent CO 2 
for 2 days and those at 15° for 3 days without any noticeable effect 
on flavor. The flavor of the 25° lot was obje(‘tionable at the end of 
3 days and that of the 15° lot by 4 days of treatment. The 5° lot 
was satisfactory in regard to flavor by the end of 4 days. 

The treatment of the Alaska and Sutton Perfection peas was not 
c.ontinued long enough to obtain data on the effect on flavor. 

The Early Evergreen sweet corn reacted similarly to peas under 
the CO 2 treatment, but the Golden Bantam variety proved a little 
more sensitive. Both varieties endured the CO 2 treatment (43 to 49 
per cent) at 5° C. for 5 days without impairment of flavor. The flavor 
of the Early Evergreen corn at 5° w^as questionable at the end of 6 
days. The Golden Bantam corn could not be sampled after the fifth 
day because of insufficient amount of material offered by the normally 
small ears. The 25° lots of Early Evergreen corn withstood the CO 2 
treatment for 2 days and the 15° lot for 3 days without loss of palata- 
bility. With the Golden Bantam the limit of treatment was 1 daj^ 
at 25° and 2 days at 15°. 

The treatment of the Stowell Evergreen sweet corn was not con- 
tinued long enough to obtain data on effect on flavor. 

SUMMARY 

Peaches, cherries, sweet corn, and garden peas were treated with 
carbon dioxide gas at different temperatures for periods of one to 
six days and subsequently analyzed for sugars and acid-hydrolyzable 
polysaccharides. 

The temperatures employed were 0°, 5°, 10°, 15°, 20°, and 25° C. 
Treatment at the higher temperatures was usually for one to three 
days, and that at the lower temperatures was usually from two to 
six days. 



458 Journal of Agricultural Research Voi. 45. No. 8 


No significant difference in percentage of reducing sugar, total 
sugar, or acid-liydrolyzable polysaccharides was observed when sour 
chemes, sweet cherries, and Belle peaches were treated with CO 2 in 
concentrations of from 35 to 47 per cent. 

Similar concentrations of CO 2 retarded the rate of sugar loss in peas 
and sweet corn. 

Treatment of peaches with 35 to 47 per cent CO 2 at the higher 
temperatures (15° and 20° C.) produced a characteristic overripe 
flavor. In similar experiments the flavor of cherries was not affected 
by the CO 2 treatment. Exposure to 43 to 47 per cent CO 2 for two 
days did not aflfect the flavor of Gradus and Nott Excelsior peas or 
Early Evergreen sweet corn when held at 25° and 15°. One day at 
25° and two days at 15° were the limit of tolerance to CO 2 for Golden 
Bantam sweet corn. At 5° the flavor of both varieties of peas was 
normal for three days and that of both varieties of sweet corn for four 
days. Increasing the time of exposure in any of the above cases 
was usually detrimental to flavor. 

Within the limit of tolerance the treated sweet corn seemed sweeter 
than the controls when sampled. 
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RHIZOCTONIA BOTTOM ROT AND HEAD ROT OF 
CABBAGE ‘ 

By F. L. Wellman 2 

Associate Pathologist, Division of Horticultural Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The damping-off or wire-stem disease of cabbage {Brassica oleracea 
L.) seedlings, caused by the Rhizoctonia stage of Corticium vagum, 
Berk, and Curt., has been known for a long time and has been studied 
critically by Gratz (4).*^ For several years the writer has observed 
and investigated two other phases of Rhizoctonia injury to cabbage, 
known as bottom rot and head rot. The disease called head rot was 
first described by the writer {IS) in 1027. In 1931 Weber {14) 
reported in abstract a Rhizoctonia bottom rot in Florida. 

The present paper reports the results of studies of the cabbage- 
growing sections of Wisconsin, Indiana, and Illinois and parts of Iowa 
and Ohio. Each year from 1923 to 1928, inclusive, damping off, or 
wire stem, and bottom rot have been observed. Head rot, however, 
has been irregular in occurrence. It was seen first in 1923 and again in 
1924. In 1925 it caused losses of 5 to 9 per cent in many fields in 
northeastern Illinois and southeastern Wisconsin. In 1926 if w’^as 
less abundant, and in 1927 and 1928 fields were practically free 
from it. 

DESCRIPTION OF RHIZOCTONIA ROTS OF CABBAGE 

BOTTOM ROT 

Usually there is little trouble from Rhizoctonia until the trans- 
planted seedlings are large enough to be^in to shade the ground. 
The disease first appears on the basal portions of the leaves next to 
the soil, the ventral side of the midrib often being the first part of 
the leaf attacked. The resulting lesions are sunken, black, and sharply 
elliptical, with their long axes parallel to the sides of the midrib. 
Round black spots appear on the basal parts of the leaf lamina, and 
these areas gradually enlarge. The diseased spots usually have 
over them sparse weblike surface mycelia. P^ventualiy there is a 
general decay of the base of the leaf and the tissues become black 
and easily torn. The distal part of the leaf finally turns yellow, 
and the whole leaf droops, may dry up and drop off, and is often cov- 
ered over by soil during subsequent cultivation. The Alternaria leaf 
spot {Alternaria hrassicae (Berk.) Sacc.), which has been described by 
Weimer {15), may be confused with Rhizoctonia. The slowly growing 

‘ Received for publication Mar. 30, 1032; issued October, 1932, Cooperative investigations between 
the Wisconsin Agricultural E.xperinient Station and the Division of Horticultural Crops and Diseases, 
Bureau of Plant Industry, IT. S. Department of Agriculture. Published with the approval of the director 
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ment of the University of Wisconsin and to J. Monteitb, jr., formerly of the Division of Forage Crops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agiiculture, for cultures of Rhizoctonia solani 
supplied by them for comparison with the writer's cultures. 
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lesion produced by the Alternaria becomes light colored and papery 
and is less extensive than the Rhizoctonia lesion. Rhizoctonia infects 
the bases of the leaves next to the ground first, whereas Alternaria 
attacks the upper surface of the tip and other distal points with equal 
facility. Rhizoctonia bottom rot is not necessarily followed by 
head rot. 

HEAD ROT 

Head rot (fig. 1) occurs spasmodically in the field under conditions 
as yet not well defined. If bottom rot occurs on a headed plant in 
the field and proper conditions prevail, such as high relative humidity 
and warm weather, hyphae of the organism grow along the stem with- 
out producing decay and infect other leaves farther up. These weaken 
the midribs and the leaves droop. If feces of cabbage worms lodge 
on the dorsal side of the petioles and on leaf blades, growth of the 
organism is stimulated and its head-rotting action is materially 
hastened. As the bases of the first cover leaves of the head are 
attacked, the exposed tips on top of the head turn yellow and tend 
to dry up. A few hyphae spread rapidly between the leaves of the 
head, Jind lesions are produced. The latter are mere punctations 
(fig. 2) at first, but later expand and coalesce and iiave scant strands 
of hyphae over them. The lesions are dark and sunken and have a 
suggestion of concentric zonation about a raised cent€‘T at the point 
of infection. Hyphae may later grow out from such spots and [)ro- 
duce numerous new lesions near the old. These diseased spots finally 
become confluent. If the weathered leaves on a diseased head are 
pulled apart a not unpleasant odor like that of boiled cabbage is 
noticed. As decay progresses, a weblike dark-colored mycelium de- 
velops between the diseased leaves. As the head rot advances only the 
leaf tissues are affected, while the stem and core of the head are not 
diseased. The head remains, therefore, conspicuous, upright, dark 
colored, and studded with small brown sclerotia. 

The Corticium stage of Rhizoctonia solani Kuhn is found early in 
the cabbage fields of Wisconsin and becomes more prevalent as the 
season advances. It occurs on the ventral sides of the lower leaves 
as a a\iperflcial gray or chalk-colored membranous growth, which can 
be easily stripped from its support. It is also found growing over 
the surface of the soil in protected places and attached to cabbage 
sterns at the ground line. 

Comparison with Other Head Hots 

The Rhizoctonia head rot differs from other head rots of cabbage 
in a number of details. The foliage leaves about an attacked head 
droop in a characteristic manner but may not drop completely from 
the plant. (Fig. 1, A.) The decaying tissues are more pliable and 
tough than those produced in watery soft rot or drop {Sclerotinia 
sclerotiorum (Lib.) Mass.) and in bacterial soft rot (Bacillus caro- 
tomrus h, R. Jones). In Wisconsin two head rots, one caused by 
Sclerotinia and one caused by Rhizoctonia, produce sclerotia. Rhi- 
zoctonia sclerotia are the smaller, the more irregular, and the more 
numerous. Rhizoctonia decay is neither slimy, as in bacterial soft 
rot, nor watery and translucent, as in watery soft rot and in head 
rot caused by species of Pythium (^). The infected tissues turn dark 
and shrink as they decay. In bacterial soft rot the odor of decay is 
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very noticeable, but in neither of the other head rots mentioned does 
the odor offend greatly. In Sclerotinia and Pythiurn rots the aerial 
mycelium is white and is most abundant in the former. (Fig. 1, B.) 



liiGURB 1. —Comparison of RhiKoctonia and Sclerotinia bead rots of cal)bage in the field. A.— 
Rhizoctonia head rot: Diseased head erect, somewhat shrunken, roughened, and dark colored; 
foliage leaves droot> but remain attached. B. — Sclerotinia head rot: Some foliage leaves broken off 
to allow for photographing head: profuse white aerial mycelium; only a few large black .scJerotla; 
leaves not weakened at base as in Rhizoctonia head rot. 

Rhizoctonia upon infecting; a mature cabbage head attacks only the 
leaf tissues, whereas bacterial black rot [Bacierium campeMre (I’^ani.) 
E, F, Smith) is characterized by blackened vascular bundles. In cot- 
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tony rot, watery soft rot, and bacterial soft rot there may be decay of 
the stem. 

THE CAUSAL ORGANISM 

ISOLATION 

Numerous isolations were made from cabbage seedlings affected 
with damping off and with wire stem, from leaves affected with bot- 
tom rot, and from heads affected with head rot. The Corticium 
stage of apparently the same organism was commonly found in the 
autumn on leaves showing signs of bottom rot and around the base 
of the plants. Four cultures were made from single spores and several 



Figure 2.— Lesions on surface of inside leaf of cabbage head recently infected with 
JHhizoetonia soiani. Older lesions dark and sunken; some show rough concentric 
xonation around a raised center. Small punctations about large spots are new 
infections from hyphae advancing beyond elder lesions. Such groups of lesions 
expand rapidly, coalesce, and may involve the whole head. Sclerotla nearly 
always form at the point of Infection. 

from bits of the mycelium of the hymenial layer. All these cultures 
when compared with cultures known to be those of Rhizoctonia solani 
and with descriptions by Kiihn (J), Duggar (5), Matsumoto (7), and 
Burt (i), were found to belong to this species. 

PATHOGENICITY 

Numerous cultures from the sources listed above were used in in- 
oculation experiments upon cabbage plants at various stages of 
growth, including 15 to 20 flats of young seedlings, a large number of 
partly grown potted plants, and over 2Q0 cabbage heads, some grow- 
ing in the field and some cut and placed under bell jars in the labo- 
ratory. The results of each experiment were checked with control 
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plants. The inoculations were generally successful. All strains pro- 
duced typical damping off of the seedlings, bottom rot of older plants, 
and typical head rot of heads approaching maturity or already har- 
vested. The results showed conclusively that bottom rot and head 
rot are caused by the strains of the imperfect stage of the fungus 
Corticium vagum isolated from cabbage. They show furthermore 
that the causal organism is identical with that causing the Rhizoc- 
tonia damping off or wire stem of cabbage seedlings. 

PHYSIOLOGIC SPECIALIZATION OF RHIZOCTONIA STRAINS 

Physiologic specialization in fungi, in which certain morphologic 
species are subdivided into forms exhibiting distinct parasitic special- 
ization, is awell-known phenomenon. It has been studied in Rhizoc- 
tonia solani by several workers, the most important contributions 
being those of Duggar (5), Matsumoto (7), and Peltier (10). The 
physiologic reactions of strains of the fungus in pure culture as a 
measure of biologic specialization has not yet received adequate 
attention; the pure-culture work of Matsumoto (7) and of Monteith 
and Dahl (9) are thus far the most important contributions to this 
problem. 

Physiologic specialization of Rhizoctonia solani on crucifers has 
received only incidental attention. Peltier (10) found that a strain 
isolated from cauliflower, though able to infect seedlings of a fairly 
wide range of host plants, appeared to attack the Criiciferae most 
severely. Gratz (4), studying strains isolated from a number of host 
plants, found that the Rhizoctonia causing wire stem of cabbage was 
probably pathogenic on that plant only, and that the typical potato 
Rhizoctonia did not cause wire stem of cabbage. Van dcr Meer (8) 
found that strains of Rhizoctonia obtained from potato and cauli- 
flower ^‘were phjrsiologically distinct from each other. Lauritzen^s 
(6) study of Rhizoctonia rot of turnips showed that the potato and 
turnip strains were pathogenic only on the hosts from which they 
were isolated. The question of physiologic specialization inevitably 
presented itself in connection with the present study of Rhizoctonia 
causing bottom rot and head rot of cabbage. 

Sixty-nine isolations of Rhizoctonia from a number of hosts were 
studied. In this discussion the data from only 15, representing iso- 
lations from 6 difi’erent hosts, will be considered. The results of 
comparative inoculations at various stages in the development of 
cabbage, potato, and lettuce are summarized in Table 1. It is to be 
noted that the cabbage isolations were practically nonpathogcnic to 
potato and that the potato isolations were nonpathogcnic to cabbage. 
This is in accord with the results of Gratz (4) and of Lauritzen (6) 
noted above, indicating that isolations of Rhizoctonia from crucifer- 
ous hosts were rather specific to those plants. Isolations from bean, 
beet, pea, and lettuce likewise failed to cause head rot or bottom rot 
of cabbage, although that from lettuce did cause damping off of 
small caboage seedlings. On the other hand, all the cabbage strains 
were fairly pathogenic to lettuce. These results, though limited, 
indicate that only certain strains of Rhizoctonia solani are capable 
of causing head rot and bottom rot of cabbage. 

142836—32 2 



Table 1. — Specialized pathogenicity of certain representative strains of Corticium vagum 
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ENVIRONMENT IN RELATION TO DISEASE PRODUCTION BY THE 
CABBAGE RHIZOCTONIA 

MOISTURE RELATIONSHIPS 

In his studies of damping off Gratz (4) found that lihizoctonia 
required a high moisture content of the soil. Either drought or 
excess of water in the soil hindered the development of the disease. 
The writer ^s observations corroborate these findings. 

To determine the effect of relatively high and low moisture content 
of the air on the Rhizoctonia producing bottom rot and head rot, 
a number of experiments were performed. Heads of cabbage obtained 
on the Madison, Wis., market were taken as host material, and two 
strains of the fungus were used. After the outer leaves had been 
carefully removed under aseptic conditions, inoculations at seven 
points on the top of each head were made from Rhizoctonia cultures. 
The inoculum consisted of surface sclerotia and bits (about 1 cm 
square) of the culture medium covered with young growing hyphae. 
Half of the inoculated heads were placed under bell jars and half were 
left uncovered in the comparatively dry laboratory air. The temper- 
ature of the room was about 21° C. Under the bell jai*s fungal hyphae 
c.ould be noted within 24 hours, extending out from sclerotia and 
bits of agar culture, and in three days the leaf tissue showed syinj)- 
toms of attack and the organism developed rapidly. Release of water 
from the host tissue appeared much accelerated with increased decay, 
water drops gathering in much greater quantities on the inside of 
bell iars over decaying heads than over uninoculated individuals. 
On the inoculated heads left uncovered the inoculum dried up and 
no Rhizoctonia decay resulted. 

Plants growing in sterilized soil in the greenhouse W'ere likewise 
used in (rctermining the relation of moist atmosphere to disease 
production. These plants, of an early variety of cabbage, had grown 
rapidly and were forming small heads. Greenhouse temperatures 
ranged between 18° and 24° C. Inoculations w^en*- made with young 
sclerotia from pure cultures of a cabbage head-rot strain of Rhizoc- 
tonia. Inoculum was placed in the forming head and on foliage leaves. 
Controls were inoculated with bits of sterile agar. The soil was kept 
wet and some of the plants were covered with a glass-sided box, and 
others were left uncovered. The Rhizoctonia organism produced 
typical head rot and bottom rot on all the inoculated plants kept 
under the moist chamber; a few unprotected plants inoculated in the 
fonning head showed signs of becoming diseased, though the symp- 
toms were not advanced. It appears that a very humid atmosphere 
is most conducive to the progress of both diseases and is particularly 
important for the development of head rot. 

TEMPERATURE RELATIONSHIPS 

Richards (11), in 1921, reported studies on the relation of soil Uun- 
perature to injury of potato stems by Corticium vagum (Rhizoctonia 
solani). He found that the organism caused lesions over a wide range 
of temperatures (9° to 27° C.), that the optimum temperature for 
pathogenicity was 18°, and that above 24° Rhizoctonia w^as not a 
serious factor in disease production. In 1923, he (12) again reported 
studies of Rhizoctonia, this time on pea and bean. As before, he 
found that temperature had a very definite effect on disease produc- 
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tion. No infection occurred below 9° or above 29®. The optimum 
may be placed at 18®. In pure culture the range differed, the mini- 
mum temperature for growtn being 4.6®, the optimum from 25® to 27®, 
and the maximum 32.6®. Gratz (4), in 1925, foimd that Rhizoctonia 
damping off of cabbage had quite definite temperature relationships. 
The minimum for disease production was below 10®, the optimum 
from 15® to 30®, and the maximum from 31® to 32®. In pure culture 
the organism grew at a minimum of approximately 9®, an optimum 
between 22® and 26°, and a maximum of slightly above 31°. In 1928, 
Monteith and Dahl (9) reported temperature relationships of pure 
cultures of nine strains of Rhizoctonia solani from grass, pea, and 
potato. In genera] these strains grew at a minimum temperature of 
less than 10®, an optimum of 25® to 30®, and a maximum of 35®. 

Temperature relationships determined by the writer for the or- 
ganism causing bottom rot and head rot of cabl)age are practically the 
same as those found by Gratz (4). In pure culture on potato-dextrose 
agar the cabbage Rhizoctonia produced growth at 8° C. At 9® the 
fungus grew very slowly. Between 12® and 22® rapidity of growth 
increased enormously. The most rapid growth was above 23® and 
below 27®. At 29® the rate of growth was materially lessened, at 30® 
it dropped still further, and at 33® no growth occurred. General 
field observations indicated that Rhizoctonia was most active during 
warm weather. Headed plants were potted, inoculated with sclerotia 
from pure cultures of Rhizoctonia causing head rot, and placed in 
greenhouses at temperatures ranging from 10® to 33®. Inoculated 
heads decayed slowly at a temperature of 12®. At 15® to 20® the 
disease developed at a slightly more rapid rate. At 21® to 23® 
disease production was further enhanced. The optimum temperature 
for head rot was determined to be from 23® to 27®. Above 30® decay 
was considerably lessened, and at 32® there was none. 

In a further study of temperature relations, bleached leaves asepti- 
c ally removed from the insicie of heads of market cabbage were put in 
sterilized moist chafmbors and inoculated with pure cultures of two 
strains of Rhizoctonia obtained from cabbage plants affected with 
head rot. The moist chambers were then held at constant tempera- 
tures. Temperature relationships for decay were the same as 
previously determined, except that the minimum temperature was 
placed at about 9® C. and the optimum temperature narrowed down to 
between 25® and 27®. 

SUMMARY 

The present paper describes two diseases of cabbage, Rhizoctonia 
bottom rot and head rot, and presents the results of recent studies on 
both of these diseases, which are caused by Rhizoctonia solani Kiihn, 
the imperfect form of Corticium vagum Berk, and Curt. Bottom rot 
attacks cabbage every year, but head rot is spasmodic in its occurrence. 
It was proven by isolation and inoculation experiments that these 
two diseases of older plants in the field are caused by the same strain 
of Rhizoctonia that produces damping off, or wire stem, of cabbage 
seedlings. 

A number of strains of Rhizoctonia solani were obtained and studied 
for evidence of physiologic speciaUzation. It appears that strains of 
the organism are most pathogenic upon the hosts from which they 
were originally isolated. 
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Environmental factors were studied in relation to disease produc- 
tion. It was found that a relatively large amount of moisture is 
necessaiy for optimum disease production by the fungus. Khizoc- 
tonia bottom rot and head rot were produced at temperatures ranging 
from 9° C. to somewhat less than 32°. The optimum temperature for 
disease development is between 25° and 27°. 
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THE DIGESTIVE ENZYMES OF THE COLORADO POTATO 
BEETLE AND THE INFLUENCE OF ARSENICALS ON 
THEIR ACTIVITY' 


By David E. Fink ^ 

Entomologist, Division of Insect Toxicology and Physiology, Bureau of Entomology, 
United Stales Department of Agricultvre 

INTRODUCTION 

In a previous investigation the writer (6*)^ found that, in general, 
arsenic caused an inhibition of the respiratory metabolism of insects. 
This led to the assumption that arsenic may exert its toxic action 
through its chemical affinity for some substance in the protoplasm 
that normally is of vital importance to respiration. Glutathione, 
known to be of importance in cell oxidation and reduction and detected 
by the writer (7) in insect tissue, was found to be reduced in quantity 
when arsenicals were fed or injected into insects (8). Furthermore, 
Voegtlin, Dyer, and Leonard (18, p. 304) have stated that 

arsenic in the form of the trivalent directly toxic oxide modification exerts its 
action on mammalian protoplasm through its chemical affinity to the SH group 
of reduced glutathione, tiius interfering with the normal equilibrium between 
oxidized and reduced glutathione, as a result of which the tissue dies of asphyxia. 

The foregoing studies indicate that the reaction between arsenic 
and reduced glutathione may be an important part of the mechanism 
of the toxic action of arsenic. Parfentjev and Devrient (10), how- 
ever, believe that the effect of arsenic on the respiratory metabolism 
of insects can not explain the mechanism of its toxic action. They 
suggest that the loci of its action should be sought elsewhere. Since 
our knowledge of the mechanism of the toxic action of arsenic is 
contradictory and incomplete, it seems desirable to exhaust every 
possible line of investigation before assigning to any one reaction a 
predominant role in the total effect of arsenic. 

If arsenic interferes with the activity of respiratory catalysts, 
perhaps it also affects certain digestive enzymes. A study of the 
literature failed to reveal a single experiment on the effect of arsenic 
on the digestive enzymes of insects. Accordingly, the writer has 
made a study of the effect of arsenicals on the digestive enzymes 
of the Colorado potato beetle, Leptinotarsa decemlineata (Say). In 
this investigation it was necessary first to determine the presence 
and activity of the digestive enzymes in the normal insect and 
afterwards to investigate the influence of arsenicals ujion their 
activity. 

Received for publicalion Fob. Ifi, 1932; i.s.suo<l October, 1932. 
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THE DIGESTIVE ENZYMES OF THE NORMAL COLORADO POTATO 

BEETLE 

METHODS OP INVESTIGATION 

Active, feeding potato beetles were deprived of food for several 
days and were given large quantities of water during the same period 
to clear the digestive tract of food material. Repeated dissections 
of beetles have shown that a period of two to three days is usually 
sufficient for the removal of the greater part of the food. The 
number of beetles dissected at any one time depended upon the 
extensiveness of the experiment, and ranged from about 100 to 300. 

The entire digestive tract was removed and divided into three 
parts, the fore-gut, mid-gut, and hind-gut. The fore-gut is about 
4 mm in length, the mid-gut about 16 mm, and the hind-gut about 
8 mm. Dissections were made in a 0.2 per cent sodium chloride 
solution. Any food and excrement remaining were removed, and 
the dissected parts rinsed in several changes of the salt solution and 
finally in distilled water. The three parts of the digestive tract thus 
prepared were divided into two equal samples. The three parts of 
the first sample were ground separately with clean washed sand in a 
mortar. Each part was placed in an Eiienmeyer flask, and the 
contents of each of the three flasks were diluted with a 50 per cent 
glycerol solution in the proportion of 1 c c of the solution to 1 mid-gut, 
4 fore-guts, and 2 hind-guts. The other sample was similarly treated, 
except that distilled water was used as the diluent. T^he tissue 
suspensions prepared in this manner were fairly homogeneous. A 
layer of toluene (5 c c) was added to the contents of each of the six 
flasks as a preservative. The glycerol-tissue suspension was sub- 
sequently used in the experimental work on proteolytic enzymes, 
and the distilled water- tissue suspension was used in the work on 
enzymes that spht carbohydrates. This division was necessary 
because glycerol solutions in certain concentrations are known to 
inhibit the activity of certain enzymes. 

A suspension was also prepared of the contents of the digestive 
tract that usually ooze from tne mouths of active potato beetles v^hen 
handled. This regurgitated liq^uid was collected by means of a fine- 
tipped capillary pipette held close to the mouths of active beetles. 
It was then diluted with distilled water to a yellow suspension which 
contained very active enzymes. 

To detennine the effect of age of the tissue suspensions on the activ- 
ity of the enzymes, some experiments were made with a tissue sus- 
pension from 1 day to 3 weeks old. 

To determine the presence or absence of enz.ymes, preliminary 
experiments by the general micro and macro methods described by 
Swingle {17) were tried with these tissue suspensions. Afterwards 
other methods and modifications were adopted for estimating the 
extent of digestion caused by a given enzyme. These methods will be 
described in detail under each enzyme discussed. 

A striking characteristic of enzyme activity is the fact tnat it is 
limited to a definite range of hydrogen-ion concentration. One of 
the aims of the writer was to determine the hydrogen-ion concentra- 
tion of optimum activity and the. effective pH range for each enzyme 
studied in this investigation. In preliminary experiments the writer 
vas guided in the choice of pH range by the large amount of published 
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information on the effec tive pH ranges for different enzymes. Clark's 
(4, 2?. 104 ) phthalate and phosphate mixtures were employed as 
buffers. In some experiments the solutions were not buffered but 
were adjusted to a desired hydrogen-ion concentration by the addi- 
tion of nydrochloric acid or sodium carbonate. The hydrogen-ion 
concentrations of the solutions before and during their use in the 
experiments were frequently checked against those of standard buffer 
solutions, generally by the usual spot plate and potentiometer 
methods (.9). 

EXPERIMENTAL WORK 

Hydrogen-Ion Concentration of Tissue Suspension 

The tissue suspensions in distilled water described in the preceding 
section were used first for the determination of their hydrogen-ion 
concentration. Samples were tested by the potentiometer method. 
The pH of the distilled water w'as adjusted to 7.0 by means of dilute 
NaOH. The average pH of the tissue suspension of the fore-gut was 
6.42; of the mid-^ut, 5.00; and of the hind-gut, 5.40. The average 
pH of the suspension of regurgitated liquid was 5.00. 


Table 1. — Digestion of starch by amylase obtained from a mid-gut tissue suspen- 
sion prepared from normal and arsenic-fed potato beetles 


Expori- 
ment No. 

'iYoatraeut of beetles 

Period 
of diges- 
tion 

Extent of digestion ** at pU of ' 

0.0 

6.0 

7.0 

7.6 

8.0 



Mhiutcn 








\ 5 

0 


20 

20 

20 



2f) 

20 


40 

r>o 

35 


(Normal , 

\ 60 

30 

. ^ 

60 

70 

40 



70 

40 


60 

80 

45 

2 

\ 

1 11.5 

00 


80 

100 

60 




0 


0 

0 

0 



5 

40 

20 

20 

20 




16 

60 

40 

40 

40 




(Normal ... 

26 

100 

65 

50 

45 


3 



00 


100 

80 

55 


{ 

116 j 



100 

80 



IControl .. 


6 

0 

0 

0 




6 

0 

0 

0 

10 

'"'20 



26 

0 

20 

20 

20 

30 


f Fed Paris green 

50 

20 

30 

35 

40 

40 


1 

70 

40 

40 

60 

60 

55 

6 

\ 

116 

60 

65 

70 

75 

60 


(Control 


0 

0 

0 

0 

0 

1 


5 

10 

20 

20 

20 

20 



25 

20 

30 ; 

40 

40 

30 


Fed lead arsenate 

50 

30 

40 i 

50 

60 

36 



70 

40 

.50 

70 

75 

60 

6 


115 

tiO 

70 

80 

86 

70 


Control - - 


0 

0 

0 

0 

0 










« Complete digestion equals 100, 

^ Regurgitated liquid was used instead of tissue .suspension. 


Amylase 

Two cubic centimeters of tissue suspension, 2 c c of buffer solution 
of a desired hydrogen-ion concentration, and 0.5 c c of a 0.5 per cent 
soluble-starch solution were accurately measured into each of a set 
of test tubes. A similar set containing boiled tissue suspension was 
used as a control. These solutions were covered with a layer of 
toluene and placed in a water bath at 37° C. A drop of an iodine 
solution (1 per cent iodine-potassium iodide solution) was added 
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to each test tube. At certaiu intervals, shown in Table 1 , the progress 
of the hydrolysis of starch by this enzyme was followed by comparing 
the colors of the solutions with those of a set of five standards ranging 
from a deep blue to light yellow. The standards were prepared by 
adding bromothymol blue to buffered solutions of suitable hydrogen- 
ion concentration. As a result of preliminary experiments, numbers 
were assigned to the standards as follows: Deep blue, 0; light blue, 
20; purple, 40; yellow, 60; light yellow, 80; colorless, 100. The inter- 
polated numbers given in Table 1 indicate estimates of extent of diges- 
tion in a digest tube when at the given interval of time the color of 
the solution in the tube did not match that of a standard. The 
hydrogen-ion concentration of the solution reaching the achromic 
point in the shortest interval of time approximated the hydrogen- 
ion concentration of optimum activity of the enzyme. Before the 
progress of digestion in a tube was recorded, several more drops of 
the iodine solution were added to make certain that the color change 
was due to digestion of starch and not to absorption of iodine. 

Enzymes Hydrolyzinq Disaccharides 

During the hydrolysis of disaccharides by different enzymes, glu- 
cose is produced. For example, lactase hydrolyzes lactose into galac- 
tose and glucose, maltase hydrolyzes maltose into two molecules of 
glucose, and invertase hydrolyzes sucrose into fructose and glucose. 
It was found convenient to take advantage of this fact for the purpose 
of detecting and estimating the relative activity of the different 
enzymes hydrolyzing disaccharides. Benedict’s quantitative solu- 
tion (a modification of Fehling’s solution) was used. One cubic 
centimeter of this reagent, when reduced, is equivalent to 2 mg of 
glucose. After determining the number of cubic centimeters of an 
incubated mixture required to reduce 2 c c of Benedict’s reagent, 
one is able to express the extent of digestion in milligrams of glucose 
per cubic centimeter of incubated mixture. 

The writer found the following method convenient: Into a series 
of test tubes 2 c c of Benedict’s solution was accurately measured by 
means of a burette. In addition, each tube received 0.5 g of anhy- 
drous sodmm carbonate and a little powdered pumice, and the contents 
were heated to boiling over a free flame until the carbonate was com- 
pletely dissolved. By means of a 1, 2, or 5 c c Mohr pipette filled to 
the zero mark, the incubated mixture to be tested was rim into the 
boiling reagent (the test tube being hold just above the tip of a free 
flame), rather rapidly at first, then more slowly as the color began to 
fade, and finally drop by drop until a white precipitate formed and 
the solution became colorless. A pipette graduated to 0.01 c c was 
used to obtain the end point. The error in determining the end 
point was not greater than 0.03 c c of tissue suspension. The reduc- 
tion of 2 c c of Benedict’s reagent was accomplished under these 
conditions by exactly 4 mg of glucose. 

The figures in milligrams of ^ucose are an indication of the relative 
hydrolyzing activity of the enzyme in this incubated mixture at the 
hydrogen-ion concentration of the experiment and are not to be con- 
strued as indicating actual quantities of enzyme per cubic centimeter 
of tissue suspension. 
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LACTASE 

Into a series of test tubes, 2 c c of tissue suspension, 2 c c of buffer 
solution of a desired hydrogen-ion concentration, and 5 c c of a 1 
per cent solution of lactose were accurately measured, covered with 
a layer of toluene, and placed in a water bath at 37° C. Controls 
received the same quantity of boiled tissue suspension. After a cer- 
tain period measured portions of the digest were removed and tested 
with Benedict's reagent to deternune the extent of digestion. Table 
2 shows that lactase was present in the mid-gut and active from pH 
4.0 to 8.0, the optimum activity occurring from pH 6.0 to 8.0. 

MALTASE 

The procedure for determining the presence and activity of maltase 
was the same as that described under lactase, except that a 1 per cent 
maltose solution was used as substrate. Table 3 shows that maltase 
was present in the mid -gut. " Its active jange was found to be from 
pll 0.6 to 8.0, the optimum activity being at pH 7.6. 

INVERT ASE 

The procedure for determining the presence and activity of inver- 
tase was as described under lactase, a 1 per cent solution of sucrose 
being used as substrate. As showm in Table 4, this enzymp was 
present in the mid-gut and was active throughout the pH range used 
(pH 4.0 to 8.0), being most active between pH 5.0 and 7.0, with 
optimum activity at pll 6.0. 

Table 2. — Hydrolysis of lactose by lactase obtained from a mid-gut tissue suspension 
prepared from normal and arsenic-jed potato beetles 


Ex[)0ri- 


1 Extent of hydrolysis 

" at pll of— 







ment No. 

X ITuULIIlvll V ul UvcTlvS 

4.0 

5.0 

6.0 

7.0 

8. 0 




M(f 

Mff 

Mg 

Mg 

n 

f Normal-, 

3.41 

3.62 

4. 00 1 

4.00 

4.08 

\ (Control 

3. (X) 

3.05 

3. 08 

3. 02 

3. (X5 

12 

(Normal 

2. .')3 

2.84 

2. 90 

2. 90 

2. 91 

\(-ontrol - 

2. Sf) 

2. 40 

2. 45 

2.23 

2.30 

I.*) 

(Fed Paris green. - 

3. 10 

3.25 

3.30 

3. 55 

3. 68 

IControl 

3.08 

3. 10 

3.02 

3. 10 

3. 12 

1« 

/Fed Paris green. 

3. 40 

3.45 

3. 48 

3. 54 

3. 59 

iControl 

3.21 

3. IH 

3.25 

3.22 

3.21 


/Fed lead arsenate . 

2.78 

2.80 

2.90 

2. 98 

2.98 

17 

iC’ontrol 

2. fiO 

2. 75 

2.71 

2. 70 

2. 09 

18 

/Fed lead arsenate 

2.89 

2. 95 

2.98 

3.08 

3. 14 

IControl 

2. 72 

2.76 

2.79 

2.67 

2.71 


» In terms of milligrams of glucose i)er cubic centimeter of incubated mixture. 


Table 3. — Hydrolysis of maltose by maltase obtained from a mid-gut tissue suspen- 
sion prepared from normal and arsenic-fed potato beetles 





Extent of hytlrolysis 

“ at 1)11 of • 


Fi.vjxjrl* 
nioiit No. 

Treatment of beetles 

4.0 1 

5.0 ' 

6.0 

6.6 1 

7.0 


8.0 



Mg 1 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 


/Normal.. - 

2.30 

2. 30 

2. .30 

1 2.50 

2. 55 

1 2.70 

2. 50 


IControl - - - 

2.20 

2.18 

2.20 

1 2. 19 

2. 21 

2.16 

2.20 


/Normal 

2.20 

2.23 

2.28 

1 2.46 

2. .50 

2.80 

2. W 

24 

U'Ontrol 

2.12 

2.18 

2.14 

1 2.10 

2. 11 

2.13 

2. 10 

07 

/Fed Paris green 

3.17 

3.20 

3. 33 

3.38 

3.48 

3.59 

3, 36 


K'OntroL-, 

3.12 

3.15 

3. 09 

3.14 

3. 18 

3.17 

3. 13 


/Fed Parts green. 

3.39 

3. 27 

3.41 

3.39 

3. 66 

3. 67 

3. 40 

28 

IControl 

3.20 

3.25 

3.24 

3.20 

3. 27 

3.29 

3. 19 

Ofl 

/Fed lead arsenate 

2.81 

2.89 

2.88 

2.97 

2.94 

2.90 

2.98 


IControl 

, 2.79 

2.76 

2.80 

2.69 

2.82 

2. 78 1 

, 2.80 


* In terms of milligrams of glucose per cubic centimeter of incubated mixture. 
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Table 4. — Hydrolysis of sucrose by invertase obtained from a mid-gut tissue suspen- 
sion prepared from normal and arsenic-fed potato beetles 


Experi- 
ment No. 

I'reatmeiit of boetli'.s 

Extent of hydrolysis ® at pH of— 

4.0 i 

6.0 

6.0 

7.0 

8.0 



Mg 

Mg 

Mg 

Mg 

Mg 

32 

Normal - 

0./>6 

2.00 

2. 35 

1.00 

0. 66 


f (io . . 

.46 

1.90 

2.16 

.93 

.66 

o6 

\Control - 

0 

0 

0 

0 

0 

36 

Fed PatIs green .. i 

.79 

2.21 

2. 48 

.88 

.65 


L -do 

.68 

1.92 

2. 17 

.73 

.48 

37 

\Cotitrol 

0 

0 

0 

0 

0 

38 

Fed lead arsenate 

.85 

2. 46 

2.59 

.61 

.68 


f—.do 

.78 

1.91 

2.25 

.79 

.68 

ov 

lOontrol - — 

0 

0 

0 

0 

0 


In terms of milligrams of glucose per cubic centimeter of incubated mixture. 


Lipase 

For determining the activity and presence of lipase, the titration of 
the free acid resulting from the hydrolysis of an olive-oil emulsion was 
used. In a 100 c c beaker, 25 c c of a 1 per cent neutral olive-oil 
emulsion and 12 c c of tissue suspension were placed, with thymol as a 
preservative. The controls contained the same quantity of boiled 
tissue suspension. The beakers were left in the dark at room temper- 
ature, and at intervals measured portions of the digest were removed 
and tested for acidity by titration with 0.05N sodium hydroxide. In 
Table 5 the acidity is indicated in cubic centimeters of 0.05N sodium 
hydroxide per 5 c c of the incubated mixture. These experiments 
demonstrated that lipase was present in the mid-gut. 

Proteolytic Enzymes 

To follow the course of digestion by proteolytic enzymes several 
methods may be utilized. After preliminary work a 5 per cent gelatin 
solution, into which were incorporated several crystals of thymol as a 
preservative, was adopted as a substrate. The experiments coverea 
a range of pH 2.0 to 8.0 with convenient pH intervals in order to test 
for the presence of both peptic and tryptic enzymes. 

Table 6 . — Digestion of a neutral olive-oil emulsion, by lipase obtained from a mid- 
gut tissue suspension prepared from normal and arsenic-fed potato beetles 


Experi- 
ment No. 

Treatment of beetles 

Acidity •» after— 

4 

hours 

8 

hours 

16 

hours 

24 

hours 

36 

hours 

48 

hours 

Total 



Cc 

Cc 

Cc 

Cc 

Cc 

Cc 

Cc 


(Normal 

0.32 

0.46 

0.76 

1. 10 

1.60 

1.80 

6.92 

46 

\ControI 

.16 

.18 

.20 

.30 

.36 

.40 

1.68 


[Fed Paris green 

.37 

.40 

.66 

.86 

1.05 

1.20 

4.62 

47 

\ Control 

.11 

.20 

.25 

.35 

.36 

.45 

1. 71 


[Fed lead arsenate 

.30 

.50 

.70 

.95 

1.20 

1. 66 

6.20 

48 

iControl 

.15 

.26 

.30 

.40 

.40 

.46 

1.96 


• In cubic centimeters of 0.06N sodium hydroxide per.6 cc of digest. 
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LIQUEFACTION OF GELATIN 

Into each of a series of test tubes 10 c c of the gelatin solution pre- 
viously adjusted to pH 7 with sodium carbonate, 2 c c of tissue sus- 
pension, and 2 c c of buffer solution of a desired hydrogen-ion concen- 
tration were accurately measured. A similar series containing boiled 
tissue suspension served as controls. The solutions were covered with 
a layer of toluene and were placed in a water bath at 37° C. At 
intervals the tubes were removed and immersed in an ice bath at 0° 
to 5° for 30 minutes, and the extent of digestion was estimated by 
observing the degree of liquefaction of the gelatin as described by 
Dernby (5), where the number 0 indicates no liquefaction and 6 indi- 
cates complete liquefaction. (Table 6.) The hydrogen-ion concen- 
tration of the contents of the tube reaching the highest number during 
the shortest interval of time indicated the optimum hydrogen-ion 
concentration at which digestion occurred. 

The results of experiment 51 indicate two optima, one after 48 hours^ 
digestion at pH 5, the other after 55 hours^ digestion at pH 7. 
Although the pH range of activity in this case extended into both the 
acid and alkaline sides of neutrality — that is, from pH 4 to pH 8 — it is 
quite evident, from what is known of the pH range at which pepsin 
is active, that in experiments 51 and 53 pepsin was not the enzyme 
concerned, for none of the contents of the tubes in the range oi pH 2 
to 4 gave any indication of digestion. The proteolytic enzymes pres- 
ent in the regurgitated liquid were active in the same range (pH 4 
to 8), the optimum occurring in the shortest interval of time, namely, 
24 hours at pH 5 to 8. 

Table 6 . — Digestion of gelatin by proteolytic enzymes obtained from a mid-gui tissue 
suspension prepared from normal and. arsenic-fed potato beetles 


Exiwri- 

rnOTit, 

No. 

Treatment of beetles 

Age of 
tissue 

Period 

of 


Extent of Jiciuefaction 

1 “ at pTl of 

- 


.suspon- 

diges- 








7.0 

7.6 



sion 

lion 

2.0 

2.6 

3.0 

4.0 

.5.0 

6.0 

6.6 

8.0 



Days 

f Jours 













24 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 


Normal.— 

7 

48 

.55 

0 

0 

0 

0 

1 

2 

6 

5 

2 

4 

0 

0 



0 











72 

0 

0 

0 

2 

6 

6 

5.5 

6 

6 

5.5 


Control 


72 1 

0 

0 

0 1 

0 

0 

0 

0 

0 

0 

0 

r)3 

/Normal «» 

h 


0 

0 

0 

3 

6 

6 

6 

6 

6 

6 



0 

0 

0 

0 

0 

0 

« 

0 

0 

0 

0 

55 


1 

24 

0 

1 

2 

6 

0 

6 

6 

6 

6 

0 

Control . 


24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

t 9 

50 

Normal 

21 

f 24 

1 48 

0 

0 

0 1 
0 1 

0 

0 

0 

0 

1 

1.5 

■,i 

1 

4. .5 

I..5 
5. 5 

2 

5.5 

' 0 

5 

Control 


‘ 48 

0 

0 ! 

0 

0 

0 

\ 9 

0 

0 

0 

U 




( 24 

0 

0 1 

0 

1 

4 


5 

6 

6 

5 


Normal ... 

2 

1 48 

0 

0 

0 

1 

,5.5 

! 6 

6 

6 

6 

5. 5 

00 


1 72 

0 

0 

0 

1.5 

6 

6 

6 

6 

6 

6 


i Control 


72 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

00 

/Fed Paris green.. 

1 

24 

0 

1 

3 

5 

0 

6 

6 

6 

6 

0 

Control - 

24 

0 

0 

0 

0 

0 

0 

0 
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The influence of the age of a tissue suspension on its activity was 
determined in the same manner as described above. A few typical 
results selected from the experiments are given in Table 6. 

With a tissue suspension 1 day old (experiment 55) complete diges- 
tion took place in 24 hours at pH 4 to 8. With the same tissue sus- 
pension 2 days old (experiment 66) there was practically complete 
digestion after 48 hours at pH 5 to 8. With the same tissue sus- 
pension 1 week old (experiment 51) complete digestion occurred in 
48 hours only at pH 5, but after 72 hours digestion was practically 
complete in every tube from pH 5 to pH 8. With the same tissue 
suspension 3 weeks old (experiment 56) practically complete digestion 
occurred only at pH 7 to pH 8 in 48 hours. In other experiments 
not shown in Table 6, performed with tissue suspensions 1 and 6 hours 
old, digestion in the tubes extended more and more into the acid range. 
Coinplete digestion at the pH range 2 to 4, however, was never 
attained. Hence the conclusion was drawn from these experiments 
that pepticlike enzymes are not present in the potato beetle. 

Experiments were also performed with other proteins as sub- 
strates — namely, blood fibrin, casein, and albumin. All these experi- 
ments were ^uite conclusive in indicating that pcpticlike enzymes are 
not present in the potato beetle. 

rORMOL TITRATION METHOD 

The digestion of gelatin by proteolytic enzymes was also tested by 
Sorensen^s {16) formol titration method. This method depends on 
the formation of meth 5 dene compounds by the combination of formal- 
dehyde with amino groups of amino acids. The acid carboxyl groups 
can then be estimated by titration with barium hydroxide or sodium 
hydroxide. The greater the concentration of the amino acids pro- 
duced by the hydrolysis of a protein the greater the concentration of 
carboxyl and the greater the acidity following the addition of neutral 
formaldehyde solution-? Thus the increased acidity is a measure of 
the degree of hydrolysis. 

The formol titration was used in an experiment in which the hydro- 
gen-ion concentration of the digest was adjusted at the beginning by 
the addition of hydrochloric acid or sodium hydroxide as was neces- 
sary. The change in acidity during digestion was measured in terms 
of cubic centimeters of 0.01 N sodium hydroxide titrated to pH 8.4. 
A buffered solution of pH 8.4 was used as a standard, with phcnol- 
phthalein as an indicator. The effect of the addition of neutral for- 
maldehyde solution after the titration of the free acidity was to render 
the solution again acid, and by titration the formol acidity was ascer- 
tained, as indicated in Table 7. 

By selecting from this table data obtained during digestion at 
pH 5 and 7, which were the optima attained in the digestion of gelatin, 
it is noted that at pH 5 the free acidity rises progressively during the 
course of digestion, whereas the formol acidity does not. In the 
digestion at pH 7 the process is reversed, the free acidity remaining 
practically constant during the progress of digestion whereas the 
foimol acidity rises considerably in the latter part of the period of 
digestion. 
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Table 7. — Formal titralion during digestion of gelatin by proteolytic enzymes of 
the potato beetle carried on at different hydrogen-ion concentrations 
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EREPSIN 

Krepsin was dotorrninod liy the method described by Swindle (J7) 
and was found in the mid-gut and regurgitated liquid; none was found 
in the fore-gut or hind-gut. It is quite likely that the enzyme detected 
by this method doe's not differ from the one shown to be active in the 
liquefaction of gelatin. 

THE EFFECT OF ARSENICALS ON THE ACTIVITY OF DIGESTIVE 
ENZYMES OF THE COLORADO POTATO BEETLE 

METHODS OP INVESTIGATION 

In the experiments to detect the effect of arsenicals on the activity 
of (ligc'-stive enzymes, the insects were first placed on foliage previously 
sprayed with .Paris green or lead arsenate in the proportion usually 
employed in field tests, namely, 2 pounds of the arsenical to 50 gallons 
of water. The insects selected for dissection were still alive and were 
taken from leaves that had been partly consumed. It is not definitely 
known whether all the insects used in the experiments had actually 
fed on poisoned foliage. However, it is surmised from their abnormal 
behavior that they had probably ingested some of the poison as they 
fed on the foliage. It is quite likely that the quantity of the poison 
consumed by different individuals varied considerably, and that some 
beetles may not have fed at all during these experiments, even when 
they were taken from leaves showing feeding areas. But the per- 
centage of nonpoisoned beetles that may have been used in the dis- 
sections must have been very small indeed and would not have 
influenced the results to any great extent. Usually the beetles that 
fed on poisoned foliage ceased to feed and remained alive in some 
instances for several days. The dissection of such beetles revealed 
considerable food in the digestive tract. The food was removed, and 
the dissected parts were immersed in several changes of 0.2 per cent 
sodium chloride solution and distilled water before they were finally 
ground with sand and made into tissue suspensions. 

Since the experiments with normal insects indicated that the 
enzymes were present only in the mid-gut, the preparation of tissue 
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suspensions for the following experiments was confined to the mid-gut. 
Two suspensions were prepared, a glycerol suspension and a water 
suspension, and the subsequent tests were carried out in the manner 
described under the treatment of the normal tissue suspension. 

EXPERIMENTAL RESULTS 

Amylase 

The effect of arsenicals on the activity of amylase is shown in Table 
1, experiments 5 and 6. In the case of beetles that fed on foliage 
sprayed with Paris green, a retardation of the initial activity of this 
enzyme was indicated in the range of pH 6.0 to 7.0, and complete 
digestion of starch was not attained even in 115 minutes. In the case 
of beetles that fed on foliage sprayed with lead arsenate, no retarda- 
tion in the initial activity of this enzyme was observed, and, though 
complete digestion was not attained in 115 minutes, a higher degree of 
digestion than in the previous experiment was reached. 

Lactase 

Experiments 15 to 18 in Table 2 indicate no efiect of arsenicals on 
the activity of lactase, 

Maltase 

The experiments with maltase, shown in Table 3, also disclose no 
influence of arsenicals on the activity of maltase. 

Invert ase 

Table 4 demonstrates the activity of invertase of both the normal 
and the arsenic-fed beetles. Experiments 36 to 39 reveal no influence 
of arsenic on the activity of invertase. 

Lifase 

Experiments 47 and 48 in Table 5 disclose no definite influence of 
arsenicals on the activity of lipase. 

Proteolytic Enzymes 

The effect .of arsenicals on the activity of proteolytic enzymes is 
shown in Table 6 by experiments 60, 69, and 71. Experiment 60 
shows no influence of arsenic on the activity of tryptic enzymes when 
insects were fed foliage sprayed with Paris green. Similarly, experi- 
ment 69 shows no effect of lead arsenate on the activity of tryptic 
digestion; and experiment 71, in which the tissue suspension was 1 
week old before testing, indicates no digestion whatever during the 
first 24 hours. Practically complete digestion occurred only in cer- 
tain tubes after 96 hours, a condition similar to that recorded in the 
case of beetles that were not fed arsenicals, as shown by experiments 
51 and 56. 

In other experiments not indicated in Table 6, the beetles were 
injected with Paris green or lead arsenate suspensions. In both cases 
complete inhibition of the activity of the proteolytic enzymes occurred, 
no digestion being recorded after 5 days^ incubation of the mixtures 
prepared. The greater inhibitidh of the activity of the proteolytic 
enzymes in the Tatter experiments was probably produced by the 
larger doses administered by injection. 
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DISCUSSION 

The failure of moderate doses of Paris green and lead arsenate to 
inhibit markedly the activity of the digestive enzymes of the potato 
beetle is not surprising in view of the results reported in the literature 
(i, 3y IE 12, 13, 14f 11)) on the effects of arsenicals on the activity 
of commercial enzymes. It seems to be generally agreed that small 
doses of arsenic acid, arsonious acid, atoxyl, ammonium arsenite, and 
methyl arsenoxide have no inhibiting effect on the activity of any of 
the enz,ymes investigated and in some instances even exert an activat- 
ing influence. Stronger concentrations of arsenical solutions (from 
2 to 10 per cent) caused retardation and complete inhibition of the 
activity of enzymes that attack disaccharides and j)roteins. 

In the present experiments potato beetles were poisoned in the 
same way as in earlier experiments on the elfect of arsenicals on the 
respiratory metabolism of insects (6'). Jt can therefore be concluded 
that arsenicals exert a juore profound effect on cellular respiration 
than on the activity of digestive enzymes of the potato beetle. Con- 
sequently the writer is inclined to believe that the toxic action of 
arsenicals on insects c.[in not be explained, even in part, by their effect 
on digestive enzymes. 


SUMMARY OF RESULTS 

With few exceptions, in the normal insect all the enzymes studied, 
namely, amylase, lactase, invertase, lipase, and the proteolytic en- 
zymes, were found only in the mid-gut ami regurgitated li(|uid. In 
the exceptional cases it is believed that parts of tissue from the mid- 
gut may have adhered to the fore-gut and hind-gut during the process 
of dissection. This assiimj)tion is based on the fact that only a few 
experiments indicated digestion in either the fore-gut or hind-gut and 
that the digestive activity of the enzymes in these instances was ex- 
tremely slight. 

It is quite clear from experiments herein reported that arsenic does 
not influence the digestive enzymes of pt)tato beetles fed on sprayed 
foliage to the extent of inhibiting their normal activity. In general, 
when they are fed on foliage sprayed with an arsenical, there is but 
little retardation of the activity of amylase and tryptic enzymes, and 
none at all of enzymes active in the digestion of disaccharides and 
fats. How^ever, the injection of arsenical suspensions directly into 
the insect mouth results in complete inhibition of the activity of the 
proteolytic enzymes. 
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A STUDY OF SEVERAL FACTORS IN THE SEPARATION 
OF SERUM FROM BOTTLED C^REAM ^ 


By G. Malcolm Trout, Research Assistant in Dairying, and J. C. McCan, 

Graduate Research Assistant in Dairying^ Michigan Agricultural Experiment 

Station 

INTRODUCTION 

The separation of a layer of skim milk, or serum, at the bottom of 
the bottle of cream is a defect of considerable importance to the 
market-cream distributor. The consumer naturally attributes the 
presence of this skim milk, even when an insignificant layer appears 
in whipping cream containing as much as 40 per cent butterfat, to a 
very low fat content. 

The greater portion of market cream is sold as table, or coffee, 
cream. Practically all of this grade of cream is standardized by the 
distributor to contain approximately 20 per cent butterfat. Any 
correlation by the consmiier of the skim-milk layer with the fat con- 
tent is especially undesirable because, as the distributor knows, many 
factors other than the fat content of the cream affec.t the volume of 
this serum layer. 

The frequency of this creajn defect and the attendant complaints 
from customers, combined with a lack of definite information bearing 
directly on the problem, seemed to make a study of some of tliv. factors 
incident to this problem desirable. 

REVIEW OF LITERATURE 

A survey of the literature reveals many data on the creaming of 
milk, but although very closely associated, few data have been col- 
lected which bear directly on the separation of free serum from bottled 
cream. Many theories are current concerning the best methods of 
processing cream in the plant to reduce the prominemic of this layer. 
Milk-plant practices in processing cream are based largely upon 
results obtained from cream-line studies of market milk and general 
observation in commercial plants. 

The settling out of a layer of skim milk from bottled cream, or rather 
the creaming otf'^ of cream, seems to be the result of a greater degree 
of enmeshing and orientation of the individual fat globules and fat 
clusters. As early as 1899 Farrington and Russell (2) ^ observed that 
the cream volume on milk was reduced after the milk had been 
creamed for 48 hours. The reduction of the cream volume of milk 
following its initial formation was later observed by Dahlberg and 
Marquardt (f). Hammer {S)j Judkin and Downs (4), Martin and 
Combs (f5). Trout (6’), and Whitaker et al. (8), 

The fat content of gravity cream has been observed (6^) to range 
from 11.0 to 28.5 per cent, depending upon the nature and previous 
treatment of the milk and upon the conditions of creaming. Follow- 
ing the introduction of improved machinery and new methods, the 
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standardization of table cream to approximately 20 per cent butterfat 
became the common practice of market-cream distributors. This 
seemingly low fat content of the standardized cream in comparison 
with that of some gravity cream secured under certain conditions has 
had its part in causing the cream distributor to homogenize his prod- 
uct, although the principal reason perhaps for homogenizing was to 
increase the viscosity of the cream, which gave it a heavier body and 
thus a richer appearance. However, beyond certain pressures of 
homogenization, as pointed out by Webb and Holm (7), feathering of 
the cream resulted when homogenized cream was added to coffee. 
The procedure in many smaller milk plants in processing market table 
cream is that only of standardizing the fat content of the cream, and 
the homogenization j)rocess is entirely eliminated. This cream, when 
bottled and held at storage temperatures ranging from 3.5° to 40° F. 
for 24 to 48 hours, often revealed a serum layer, which was objection- 
able to the consumer for the reasons previously mentioned. 

SCOPE OF THE INVESTIGATION 

Few data are available that show the effect of the temperature at 
which the milk is skimmed upon the separation of free serum from the 
resulting cream, either before or after standardization. Likewise, 
there is little information regarding the effect of the heat treatment of 
milk previous to separation on the appearance of the seruin layer. 
Practically all the eff*ects noted as resulting from certain milk-piant 
operations have been concerned with the creaming of milk rather than 
with the stability of the cream once it has formed. The object of this 
study was to determine the effects on the stability of cream of various 
factors, such as heat treatment of milk and cream, standardization, 
viscolization, and the addition of gelatin and salts. 

METHODS 

Cream was obtained' from mixed milk containing from 3.4 to 3.8 
per cent butterfat. This milk was secured each day from the same 
300-gallon pasteurizer in the college creamery after it had been filled 
with milk delivered by the same group of milk patrons. 

For the major part of the experimental work, for wdiich only small 
lots of cream were required, the milk was separated in the experimental 
laboratory with a small electrically driven separator. Preliminary 
runs were made to determine the proper screw setting to yield, at the 
various temperatures, cream having approximately the desired per- 
centage of butterfat. One gallon of milk was allowed to run through 
the machine in order to temper the bowl before the samples of cream 
and skim milk were saved. Larger quantities of cream were obtained 
by separating milk with a larger separator in the college creamery. 
In one series of experiments, so far as possible, a 20 per cent cream 
was separated, while in another series approximately a 40 per cent 
cream was secured, which was later standardized back to 20 per cent 
butterfat by being combined with the skim milk previously separated. 

The milk, both fresh and stored, was skimmed at temperatures ex- 
teiiding from 60° to 145° F. before pasteurization, at 145° for 30 
minutes, and at similar temperatures following the pasteurization 
exposure. One series of experiments was conducted in which ex- 
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posures prior to separation of 145° for 30 minutes, 160° for 15 min- 
utes, and 180° momentarily following the 160° exposure were used. 

Four lots of raw cream which had been separated at 90° to 110° F. 
and standardized to 20 per cent butterfat wore exposed for 30 minutes 
to temperatures of 145°, 150°, 155°, and 160°, respectively. Similarly 
standardized cream secured from pasteurized milk was exposed to the 
same degree of temperature for the same length of time. The holding 
or vat method of pasteurization was used. 

Some of the cooling was done in the pasteurizing vats, some by 
placing the cream or milk in 1 -gallon cans set in water and gently 
stirred at intervals, and some over a surface cooler. The product was 
cooled to 60° F. for standardization or for taking the samples. 

When trials were made with gelatin a high grade of commercial 
gelatin was used. The gelatin was mixed with 1 pint of cold water 
and heated in a tank of hot water until completely dissolved. The 
dissolved gelatin was then added to a 60-pound lot of milk in the pas- 
teurizer at 1 20° F. as the milk w’as being heated to 145° for separation. 

Various percentages of sodium carbonate, calcium chloride, mono- 
calcium phosphate, dicalcium phosphate, and sodium citrate were 
added to the cream. With the exception of dicalcium phosphate, 
which w^as not so soluble, these salts were made up so that 5 c c of the 
solution would give 0.1 per cent of the salt wdien added to a 500 c c 
sample of cream. Dicalcium phosphate was added as a saturated 
solution. 

The condensed milk used was a w^ell-knowm commercial brand of 
sterilized unsweetened evaporated milk which had been concentrated 
approximately in the ratio of 2 to 1 . The milk powder used, testing 95 
})er cent solids, w as made by the spray process and w^as obtained from 
a local manufacturer. The casein used was a commercial brand of 
soluble food casein. 

Samples of the cream w^ere taken in order to determine the volume 
of the serum layer appearing in the cream, and also to observe the 
distinctness or attention-attracting power of this layer, as evidenced 

(1) by the sharpness of the line of demarcation between the layers, and 

(2) by the difference in the appearance of the (*ream and the seriun 
layers as a result of the completeness of separation of the fat. It was 
believed at first that both observations could be made by setting the 
cream in standard 100 c c graduated cylinders whi(*h w^ere used to 
determine the volume of the layer of free serum. Preliminary runs, 
however, showed that the distinctness of the serum layer was always 
much greater in bottles than in the cylinders. Samples were, there- 
fore, taken both in cylinders and in }^-pint cream bottles; in the 
cylinders to determine the volume of the serum luyor and in the 
bottles to observe the distinctness of this layer. The samples w^ere 
taken after the cream had been cooled to approximately 60° F. The 
cylinders and bottles were then cooled in ice water to 40° and set aside 
for creaming. 

The milk and cream were stored in the cold-storage room of the 
creamery, which ranged in temperature from 35° to 40° F. All sam- 
ples set for creaming were placed in this room, with the exception of a 
few samples in that part of the experiment concerned with the effect 
of the temperature of creaming. In this study samples were set in ice 
water in the cold room at 32°, in an electric refrigerator held at a con- 
stant temperature between 39° and 41°, in cold running water main- 
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tained at 56°, and in a culture oven kept at 68° to 70°. Two drops of 
40 per cent fornialdehyde were added to each pint of cream as a pre- 
servative, after preliminary study had showed that the addition of this 
preservative in considerably larger quantities had no noticeable effect 
on cream rising. 

All butterfat tests were made according to the Babcock method. 

The observations of creaming were made after 48 hours, except 
when it was necessary to study the results after 72 hours of creaming. 
Considerable diflBiculty was encountered in this part of the work, 
especially in observing the creaming in the cylinders, where the sep- 
aration of the layers was far less distinct than in the bottles. Sudan 
III was used in an attempt to make more accurate and more reliable 
readings possible but without success. A microscope light was tried 
in order to standardize the source of light for these observations. 
Preliminary work, however, showed that the best source of light was 
indirect sxmlight, which was used in making all observations. 

The volume of the serum layer was recorded in terms of percentage. 
The degree of distinctness of the skim-milk layer was recorded by 
means of letters, as follows: A — wholly distinct; B — very distinct; 
C = fairly distinct; p== not very distinct; E== barely observable; F = 
no layer, but showing a different appearance between the lower and 
upper portions due to some separation of skim milk; and G~no evi- 
dent separation. 

The results of the work recorded represent averages in the majority 
of cases of at least six trials of every factor studied ; in some cases 
the results of only four trials, while in others the averages of many 
more trials are recorded. A total of 126 different lots of cream was 
prepared, treated, and observed. 

EFFECT OF THE HEAT TREATMENT OF THE MILK PRIOR TO 

SEPARATION 

, FRESH MILK 

The temperature of the fresh milk at the time of separation was 
found to influence both the amount and the distinctness of the skim- 
milk layer, as shown in Tables 1 and 2. Separation of the milk at the 
receiving temperature, 55° to 65° F., gave a deeper scrum layer than 
did separation at any of the higher temperatures. This difference 
was very evident in the bottled cream as well as in the cylinders. 
Temperatures of separation ranging from 90° to 180° were found to 
have little influence on the amount of the serum; although there was 
considerable difference in the distinctness of the layer. Separation 
at the receiving temperature, 55° to 65°, or at 90°, gave a considerably 
more distinct serum layer than did separation at 120° or above. 
At 145° the layer was more distinct than at 120°. This difference, 
however, was only slight and might have been due to the effect of 
heat on the milk during the time required for the separation process, 
since pasteurization at 145° for 30 minutes, as will be shown in the 
consiaeration of the effect of pasteurization, was found to increase 
the distinctness of the layer. 
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Table 1. — Effect of heat treatment of freeh milk, 'prior to separation, on the volume 
and disiinclness of the serum layer when low-fest cream was secured 

[Average of six trials] 


T.ot 

No. 

H(‘At treatinont | 

Fat in 
cream 

Serum 

layer 

Distinct- 
ness of 
serum 
layer 

1 

Heated to F. (check) 

Heated to 120“ F 

Per cent 
20.8 

Per cent 
i.h;i 

B~ 

2 

19. 5 

2.04 

1) 

3 

Heated to 145® F 

20.fi 

2.0 

C- 

4 

Heated to 145® F. for 30 minutes, then cooled to 120®. .... 

21.2 1 

2.1 



Heated to 145® F. for 30 minutes, then cooled to 90®. 

22.0 

2.0 



Table 2. — Effect of heat treatment of fresh milk, 'prior to separation, on the volume 
and distinct ttess of the serum layer, when high-test cream was secured and 
standardized hack to approximately 20 per cent butterfai 

[Avorago of six trials] 


Lot 

No. 

Temperature of separation j 

Fat in 
cream 
secured 

Fat in 
stand- 
ard iz«‘d 
(Team 

Serum 

layer 

Distinct- 
ness of 
serum 
layer 

1 

55 -05® F 

Per cent 
50. 4 

Per cent 
20.4 

Per cent 
2. 83 • 

B 

2 

90® F 

38.5 

19.9 

2.2 

B-f 

3 

120° K.. - 

42.3 

20.1 

2. 38 

D~ 

4 

145® F. 1 

41.8 

20.fi 

2.0 

D 

5 

145® for 30 minutes 

44.4 

20.2 

2.0 

C- 


The infl nonce of the toraperature of separation at 90° and 120° F. 
varied, depending upon whether the milk was being heated up to 
those temperatures or was being cooled from a higher temperature. 
Pasteurizing milk at 145° for 30 minutes, followed by subsequent 
cooling to 120° and 90° for separation, gave no appreciable difference 
in the distinctness or volume of the serum layer at the two tempera- 
tures. However, when the temperature of the milk was raised from 
the temperature at which it was received at the plant to 90° and to 
120°, separation at 90° gave a far more distinct cream line. 

STORED MILK 

The results of storing milk for 24 to 48 hours at 35° to 40° F. and 
separating the cream after slowly and carefully warming the milk to 
the various temperatures are given in Table 3. The temperature of 
separation of old milk was found to have little effect on the amount of 
the serum layer. The results indicate that the time of storing the 
milk at low temperatures had little influence upon the volume of 
the serum layer as compared to that obtained from fresh milk, except 
at 60°. A comparison of the data in Tables 2 and 3 shows that when 
old stored milk is separated at that temperature the serum layer is 
reduced to 2.07 per cent, whereas in the case of fresh milk it is 2.83 
per cent. The distinctness of the serum layers varied somewhat 
according to the temperature of separation. 

When the temperature of the old stored milk was raised to 80° to 
90° F. before separation the cream yielded showed a much more dis- 
tinct serum layer than when the separating was done at 60°. Sepa- 
rating old milk at 80°, 90°, 120°, and 145° revealed that there was little 
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difference between separating old milk and separating fresh milk at 
similar temperatures in regard to the distinctness of the serum layer. 
As with separating fresh milk, separating old milk at 120° gave a 
much less distinct layer than separating it at 80° or 90°. Raising the 
temperature from 120° to 145° before separating increased the dis- 
tinctness to a slight extent. 


Table 3. — Effect of heat treatment of stored milk, prior to separation, on the volume 
and distinctness of the serum layer 

[Average of eight trials] 


Lot. 

No. 

Teniporaturo of separation 

Fat in 
cream 
secured 

Fat in 
stand - 
ardized 
cream 

Serum 

layer 

1 )L8tinct- 
ness of 
serum 
layer 

1 

60° F , - 

Per cent 
24.5 

Per cent 
20..’) 

Per cent 
2.07 

C 

2 

80° F - 

20.2 

20.2 

1.95 

A~ 

li 

$i0° F 

20.4 

JO. 8 

2.14 

B+ 

4 

120° F.. 

JO. 3 

10. .3 

J.84 

E+ 

5 

146° F..., ... 

20.3 

20. 3 

2.0 

1 i)+ 


PASTEURIZATION 

The results of separating milk after heating it to 145° F. momen- 
tarily, after pasteurizing it at 145° for 30 minutes, after pasteurizing 
it at 145° and cooling it to 120°, after pasteurizing it at 160° for 15 
minutes, and after raising the temperature of the milk pasteurized 
at 160° to 180° indicate (Table 4) that, with the exception of the milk 
pasteurized at 160° for 15 minutes, the pasteurization exposure had 
little influence upon the amount of the serum layer. When the milk 
was pasteurized at 160° for 15 minutes and skimmed at that tem- 
perature, a smaller volume of serum appeared in the resulting cream 
than appeared in that secured at any other temperature of pasteur- 
ization. These results are shown in Tables 1, 2, and 4. 

Table 4. — Effect of high temperature of fresh milk, prior to separation, on the 
volume and distinctness of the serum layer 


[Average of seven trials] 


Lot 

No. 

Heat treatment 

Fat in 
cream 

Serum 

layer 

Distinci- 

nes.s 

of serum 
layer 

1 

Heated to J45° F. (check) 

Per cent 
10.8 

Per cent 
2. 13 

1) 

2 

Heated to 160° F. for 16 minutes.-- - 

i 20. 4 

1.76 


3 

Heated to 160° F. for 15 minutes, then raised to 180° for separation.. 

20.7 

2.11 

' C- 


Heating milk to 145° F. and separating it immediately resulted in 
a less distinct serum layer than was obtained in the check sample 
secured at 90°. Pasteurizing the milk at 145° for 30 minutes made the 
serum layer more distinct than that secured when the milk was 
merely heated to 145°, but the layer was considerably less distinct 
than that secured in the check sample at 90°. Pasteurizing the milk 
at 160° for 15 minutes, or at this stole exposure and then raising the 
temperature to 180° momentarily, before separating, gave a slightly 
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more distinct serum layer than was obtained when the milk was 
heated only to 145° momentarily. (Table 4.) 

EFFECT OF HEAT TREATMENT OF THE CREAM 

The results obtained by pasteurizing raw standardized cream and 
rep aste arizing pasteurized standardized cream are given in Table 5. 
Pastetirizing raw cream at each of the 5-degree intervals from 145° to 
100° F. for 30 minutes yielded a serum layer of less volume but of 
greater distinctness than that in the raw cream. The different tem- 
peratures used between 145° and 1()()° apparently had no marked 
influence either on the volume or on the distinctness of the layer. 
One temperature was as satisfactory as the other. A])pr<)ximately a 
1.9 per cent serum layer appeared in the cream obtained from the 
pasteurized cream, as compared with a 2.5 per cent serum layer in 
the cream obtained from the raw cream. 

Tahle 5 . — EffecA of different teniperaiyreH of pasteurization of raw and pasteurized 
standardized cream on the volume and distinctriess of the serum layer 

[Average of four trials] 


'I'empemUirfi inrtiu- 

Lots in which cieam and skim milk 
used for standardi/Hlion were ob- 
tained fi om raw milk 

Lots in which cream and skim milk 
used for standardization were ob- 
tained from milk pasteurized at 146® F. 
for 30 minutes 

tairujd for 30 tninutos 

Fhi be- 
fore 

standard- 

ization 

Fat after 
.standard- 
ization 

Serum 

layer 

Distinct- 
ness of 
serum 
layer 

Fat be- 
fore 

standard- 

ization 

Fat after 
standard- 
ization 

Serum 

layer 

Distinct- 
ness of 
serum 
layer 

T ’ n|msteiiri7,tMl(elM*ck ) 
146^ V .. 

l.W° F 

Per cent 
47. 6 
47. r> 
47. 6 

Per cent 
20. 0 
20. 0 
20. 0 

Per cent 
2. 6 

1 . 9,'> 
1.98 

D- 

c-h 

('4- 

Per cent 
38. S 
38. 8 

Per cent 
20. 0 
20.0 

Per cent 
1.86 
1.96 

H- 

R- 

. 

F 


2(1. 0 

■ 1.9 

c-t- i 





100" F, 

47. t 

20. 0 

1 1.86 

38. 8' 

20.0 

l.S 

B- 


Repasteurizing standardized pasteurized cream at 145° or at 
100°, for 30 minutes apparently had no appreciable effect either on 
the volume or on the distinctness of the serum layer, as shown by the 
results in Table 5. This cream was secured by mixing pasteurized 
whole milk with cream from pasteurized milk. 

EFFECT OF VARIATIONS OF THE MANY FACTORS CLOSELY 
ASSOCIATED WITH STANDARDIZATION 

HIGH-TEMPERATURE PASTEURIZATION OF THE MILK VERSUS HIGH-TEMPERATURE 
PASTEURIZATION OF THE CREAM USED IN STANDARDIZATION 

Lots of raw cream testing 38.5 per cent butterfat were standardized 
with raw skim milk and with skim milk pasteurized at 170° F. for 
20 minutes. Also lots of raw skim milk were used to standardize 
raw high-fat-content cream and similar cream pasteurized at 170° 
for 20 minutes. 
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Table 6. — Effect of high temperature of pasteurization of either the skim milk or 
cream, or both, before arid after standardization 

r Avenge of .u\ triuNj 


Product, and heat treatment « 

I.ots in which cream and skim 
milk used for standardization 
were obtained from raw milk 

I.ots in wlilch cream and skim 
milk used for standardization 
were obtained from milk pas- 
teurized at 145® F. for 30 
minutes 

Fat 

before 

stand- 

ardiza- 

tion 

Fat 

after 

stand- 

ardiza- 

tion 

Serum 

layer 

DLs- 
tinct- 
ne.ss of 
serum 
layer 

Fat 

beiore 

stand- 

ardiza- 

tion 

Fat 

after 

stand- 

ardiza- 

tion 

Serum 

layer 

Dis- 
tinct- 
ness of 
serum 
layer 

Oeam pasteurized before standard- 

Per cent 

per cent 

Per cent 


Per cent 

Per cent\ 

Per cent 


ization - - 

:is. 5 

20.7 

2.3 i 

C 

44.0 

20.0 

2.47 

D 

Skim milk pasteurized ijofore .stand- 









ardization. 

>'3K5 

»*20.7 

2. 4r) 

B 

M4.6 

«>20.0 

2. 20 

1) 

(Veam T'asteiirized after suiiidard- 









izatfon 

38. 5 i 

1 i 

19. 8 

4.3 

C- 

44.0 

20. 25 

0, 17 

D- 


« J70® h\ for 20 luinutes. ^ J*crcerit£igo of fat in the ormin. 


The data presented in Table 6 show little difference in the volume of 
the serum layers appearing in either of the standardized creams of 
which one or the other of the products used was heated to a high 
temperature. It will be observed that the detrimental effect was 
very great when the cream was pasteurized at 170° F. for 20 minutes 
after standardization. Similar results were obtained when the cream 
and skim milk were secured from pasteurized milk rather than from 
raw milk. 

When the skim milk was secured from raw whole milk and was 
pasteurized before being used in standardizing the raw cream the 
distinctness of the serum layer was much greater. 

STANDARDIZING PASTEURIZED CREAM WITH MILK PROCESSED IN VARIOUS WAYS 

High-test cream was standardized with raw whole milk, with pas- 
teurized whole milk, and with skim milk from pasteurized milk. 
The normal exposure of 145° F. for 30 minutes was employed. It 
will bo observed from the data in Table 7 that no appreciable differ- 
ences occurred in the volume of the serum layer from the cream stand- 
ardized with the different milks, either raw or pasteurized. The 
distinctness of the layer, however, was very slightly less in every case 
when raw whole milk was used in the standardization than when 
pasteurized whole milk or pasteurized skim milk was used. 

Table 7. — Effect of standardizing pasteurized cream with raw whole milk, with 
pasteurized whole milk, and with skim milk from pasteurized milk 

[Average of five trials] 


I.ot 

No. 

Kind of milk used 

Fat 

before 

stand- 

ardiza- 

tion 

Fat 

after 

stand- 

ardiza- 

tion 

Serum 

layer 

Distinct- 
ness of 
serum 
layer 

1 

Raw whole 

Per cent 
46.2 

Per cent 
20.7 

Per cent 
1.88 

C- 

2 

Pasteurized whole 

46.2 

20.3 

1.08 

. C-f 
C+ 

3 

Skim milk from pasteurized milk..,.,-. 

46.2 

20.4 

2.08 
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SEPARATING HIGH-TEST CREAM AND STANDARDIZING BACK VERSUS SEPARATING 

LOW-TEST CREAM 

The opinion seems to be current aniongc milk-plant operators that 
high-test cream standardized back to a low fat content gives a greater 
serum layer than cream separated to contain a low fat content, which 
requires less standardizing. The data obtained in this experiment 
as presented in Table 8 show a tendency toward a higher volume of 
serum layers in the high-test cream standardized back to approxi- 
mately 20 per cent than in the cream separated as near 20 per cent as 
possible and not standardized. However, with many difficult read- 
ings due to the indistinctness of the serum layers in the cylinders in 
this tixperiment, definite conclusions can not be drawn. Apparently 
there was no significant difference in the distinctness of the serum 
layer in the standardized and unstandardized cream. 


Table 8. — Effect of atandardizing high-fat-conieM cream back to approximately 
20 per cent hutterfal with the corresponding skim milk obtained during the sepa^ 
ration as compared with results on a 20 per cent cream as separated 

[Average of six trials) 



C'rcarn standardized back to about 20 
per wnt fat content 

Crcjani of about 20 i)er cent fat content 
as separated 

'I'einiH'ratun* of 
sepiirulion 

Fat be- 
fore 

.stan<iard- 

ization 

Fat after 
standard- 
ization 

Scrum 

layer 

] 

Distinct- 
ness of 
serum 
layer 

Fat be- 
fore 

standard- 

ization 

Fat after 
standard- 
ization 

Serum 

layer 

Distinct- 

ness 

?)()" F 

Per cent 
38. 5 

Per cent 
19. 9 

Per cent 
2.2 

«+ 1 

Per cent 
20.8 

Per cent 
20. 8 

Per rent 
1.83 

B- 

120° F 

42.3 

20. 1 

2.38 

D- 1 

19. 5 

19. 5 

2.04 

D 

145° F 

41.8 

20.0 

2.0 

D 

1 

20. 0 

20.0 

2.0 

r.- 


STANDARDIZING WITH WHOLE MILK VERSUS STANDARDIZING WITH SKIM MILK 

Tlie data secured when raw cream was standardized wdth raw whole 
or with raw skim milk piesented in Table 9, show little difference 
either in the amount of the serum layer or in its distinctness due to 
the factor of richness of the standardizing media. On the other 
hand, when pasteurized cream was standardized with pasteurized 
whole milk or with pasteurized skim milk, a serum layer of less volume 
appeared in the cream (Table 7) than when raw cream was standard- 
ized with raw whole milk or with raw skim milk (Table 9). This 
appeal’s to substantiate the former results obtained showing that 
liastcurization decreased the serum layer. 


Table 9. — Effect of standardizing raw cream tviih raw whole milk versus standard- 
izing raw cream with raw skim milk 

[Average of six trials) 


Milk used 

Fat be- 
fore 

standard- 

ization 

Fat after 
standard- 
ization 

Serum 

layer 

Distinct- 
ne«ss of 
serum 
layer 

Whole 

Per cent 
46.0 

Per cent 
20.3 

Per cent 
2.3 

c 

Skim 

46.0 

20.8 

2.5 

D 
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STANDARDIZATION BEFORE VERSUS STANDARDIZATION AFTER PASTEURIZATION 

In studying the effect of standardization before as compared with 
standardization after pasteurization, raw cream was standardized 
with raw whole milk. This product was then pasteurized at the 
ordinary exposures. The results were compared with those obtained 
by standardizing previously pasteurized high-test cream with pas- 
teurized milk. It will bo observed from the data shown in Table 10 
that the serum layer was somewhat greater in volume when the 
standardizing was done prior to pasteurization than when it was 
carried out after pasteurization. There seemed to be no marked 
difference in distinctness as a result of the two methods. 


Table 10 . — Effect of standardizing cream before versus standardizing it after 

pasteurizaiion 

[Average of five trials] 


When standardized 


Before i)HSt(‘urizatiori, 
After iMiStourization.. 


Fat 1 
before | 
standard- 
ization 

Fat after 
standard- 
ization 

Serum 

layer 

Distinct- 
ness of 
seniin 
layer 

Per cent 

Per cent 

Per cent 


45.2 

20.4 

l.tt 

B- 

42.2 

20. y 

1.6 

B- 


TEMPERATURE OP STANDARDIZATION 

Since the temperature of separation and pasteurization found to 
affect the distinctness and volume of the scrum layer, it was thought 
possible that the tempera turc of the milk and of the cream at the time 
of mixing in standardization might have an influence on the volume 
and distinctness of the serum layer. However, the results of four 
trials, in which the milk and cream were mixed hot and cold in all 
possible combinations, showed that neither the temperature of the 
cream nor that of the milk had any appreciable effect on the amount 
or on the distinctness of the serum layer when raw cream was stand- 
ardized wdth raw skim milk. 

STANDARDIZING CREAM FRESH VERSUS STANDARDIZING IT AFTER 24 HOURS IN 

STORAGE 

The data secured indicate that a slightly greater serum layer formed 
when the cream was standardized fresn. However, standardization 
after storing gave a layer of considerably greater distinctness, as will 
be observed from the data presented in Table 1 1 . 

Table 11. — Effect of standardizing cream fresh versus standardizing cream after 

storing 24 hours 


[Average of seven trials] 


Kind of cream standardized 

Fat 

before 

standard- 

ization 

Fat after 
standard- 

Serum layer after— 

Distinctness of 
serum layer after— 

ization 

48 hours 

120 hours 

48 hours 

120 hours 

Fresh 

Stored 24 hours at 35® F 

i Per cent 
42.7. 
i 42.7 

Per cent 
19. H 
19.9 

Per cent 
1.91 
1.76 

Per cent 
4.20 
3. 71 

C- 

B- 

Bt 
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EFFECT OF MISCELLANEOUS CONDITIONS 

AGITATION OF CREAM AFTER STORING 

The cream was stored in the cold-storage room at 35° to 40° F. 
for 24 houi-s, after which it was agitated violently, to determine 
whether such agitation, after the fat was in a hardened condition, 
had any influence on the serum layer. The data secured are pre- 
sented in Table 12. Tt was found that agitation of pasteurized cream 
after it had been stored 24 hours very slightly increased the volume 
of the serum layer. Furthermore, agitation of the stored cream 
caused the formation of a more distinct layer. 


Table 12 . — Effect of agitating standardized cream which had been stored tA hours 

at a loiP temperature 

f A vemjje of six trials] 


A (Citation of cream 

'reniper- 
ature of 
separa- 
tion 

'I'einper- 
uture. of 
pasteur- 
isation 

Fat. 

before 

standard- 

ization 

Fat 

after 

.standard- 

ization 

1 

Serum 

layer 

Di.stinct- 
nes.s of 
.serum 
layer 

U 11 agitated (chock) 

Agitated after 24 hours at 35® F 

®F. 

90-100 

90-100 

145 

145 

PtT cent 
44.4 
44.4 

Per cent 
20. 1 
20. 1 

Per cent 
2. 1 
2.2 

C- 

B- 


METHOD OF COOLING 

Since considerable data arc found in the literature showing greater 
creaming when the milk is cooled rapidly, a study of this factor was 
made with pasteurized cream to determine the degree of separation 
of free serum. The rapid cooling was done over a surface cooler, 
while the slow cooling was accomplished by occasionally gently stir- 
ring the cream, which was set in a vat of cold water. The data ob- 
tained, as presented in Table 13, indicate that the speed of cooling 
pasteurized cream had little effect either upon the volume or upon 
the distinctness of the resulting serum layer. 

Table 13 . — Effect of the method of standardizing and cooling cream 


When standardized 

Trials 

Temper- 
ature of 
separa- 
tion 

Fat 

before 

standard- 

ization 

Fat 

after 

.standard- 

ization 

Serum layer 
when— 

T)istinctne.s.s < 
serum layer 
when ■■ 

Surface 

cooled 

Vat 

cooled 

Surface 

cooled 

Vat 

coole{ 


Nujn~ 









ber 

® l\ 

Per cent 

Per cent 

Per cent 

Per cent 



Before pasteurization 

5 

90-100 

4.5.2 

20.4 

1.88 

1.94 

B- 

C- 

A fter ptisteur ization 

5 

90-100 

45.2 

20.9 

1. 06 

1.04 

C+ 


After cooling following pasteur- 









ization. _ 

4 

90-100 

44.9 

20. 5 

1.90 

1.83 

c 

1 

C- 


TEMPERATURE OF CREAMING 

The data presented in Table 14 show no appreciable difference 
either in the volume or in the distinctness of the serum layer when 
the creaming was attempted in ice water as compared wdth that 
secured at tne cooling-room temperatures of 35° to 40° F. Later 
work, after an accurate, temperature-controlled, electric refrigerator 
had been obtained and the higher temperature constantly main- 
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tained at 39® to 41®, gave data which seemed to indicate that at 
ice-water temperature a slightly smaller serum layer was formed 
than formed at 39® to 41®. At higher temperatures the layers were 
even less distinct. The actual volume of the lajrers could not be 
observed in the cylinders as the line of demarcation was indistinct, 
but the volume of the serum layers in the bottles was larger at 56® 
and at 70®, the volume at the latter temperature being the greater. 

Table 14 . — ESeci of the temperature of creaming 


Fat Fat 

before after 
Trials stand- stand- 
ardiza- ardiza- 
tion tion 


Number Per cent Per cent 

4 45. 5 20. 5 

5 36.0 20.0 

“ Too Indistinct for accurate reading. 

EFFECT OF DURATION OF TIME OF CREAM IN(.i 

The data secured indicate that as the duration of lime of creaming 
was extended the volume of the serum layer increased. The dis- 
tinctness of the serum 
layer increased for the 
first 72 hours; after 
that time its distinct- 
ness diminished. It 
was difiTiciilt to deter- 
mine the volume of the 
serum layer, Especially 
after 96 hours, as the 
serum layers in the cyl- 
inders became less dis- 
tinct. The distinctness 
seemed to increase for 
some 48 to 72 hours 
and then gradually 
decreased. Many ob- 

Fiwke L-Increase of ser^^layer/ormed in cream during i-tor- aervations in the study 

of the various factors 

were made at the end of 96 hours, in addition to the observations at 
the end of 48 hours, as a check on the first readings. It was always 
very evident that the layer was less distinct after 96 hours. In 
studying the effect of storing the milk and cream a day before 
standardization, in which a comparison of the stored, standardized 
sample was made with the check sample set raw on the fifth and 
sixth days of creaming, resi)ectively, it was found in every case that 
the serum layers were considerably less distinct after creaming had 
been going on for five or six days than after creaming had been 
going on only 48 hours. The serum layers were slightly more than 
twice as great in volume after the longer period of creaming, (Fig. 1 .) 



Temperature 
of separation 


W)® to 100'’ F. .. 
145° F 
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EFFECT OF VISCOLIZATION 
Tempekatttre and Pressure 

Raw standardized cream was viscolized at 145® F. and at 160® at 
pressures of 500, 1,000, 1,500, 2,000, and 2,500 pounds per square 
inch. The data presented in Table 15 show that low pressures 
reduced the creaming as compared with the un viscolized (Team, and 
that the volume of the serum layer was reduced by increases in 
pressure until the layer was entirely eliminated. Since free serum 
was sometimes noted in the bottles when there was no apparent 
separation of the cream in the cyhnders this was tabulated in the 
results. A small layer indicates that an appreciable amount of 
separation took place and would probably be noticed by the cream 
buyer. A trace” indicates a very small layer often noticed only 
after careful observation of the samples, and would probably never 
be evident to the consumer. It was found that at low pressures at 
which the serum layer was not entirely eliminated, the small remain- 
ing layer was more distinct than in the che(*/k, the un viscolized 
samples. Viscolizing at 160® as compared with viscoHzing at 145° 
generally gave a less distinct serum layer at low press ur(\s, when a 
serum layer appeared. The layer was also usually entirely elimi- 
nated at a lower j)ressure when the milk was processed at 160® 
rather than at 145®, thus indicating that yiscolization was more 
(»hi(dent at high than at low temperatures. Viscolizing raw cream at 
1,500 pounds pressure per sejuare inch at 145® or 1,000 pounds 
pressure at 160® ordinarily eliminated the serum layer entirely or 
reduced the layer to such an extent that it would probably have 
passed unnoticed by the consumer. 

Table It),— Effect of viscolizing raw creant originally containing 45.88 per cent fat 
hut standardized at 20 per cent at various pressures and temperatures 

fAvera>;e of four Iriais] 


I’rcssim*. usorl in vi'^foliziuK (pounds 
per .s(iunr«! incli) 

Serum layer 
when cream 
was processed 
at 145'’ F. 

Distinctness 
of .serum layer 
when creiim 
was prooe.ssed 
at 14r)'» F. 

Serum layer 
when cream 
W'ls processed 
at JC0° F. 

Distinctness 
of serum layer 
when cream 
was i)rocessed 
at lOO® F. 


Cnvj.v. 

colir-ed 

Visco- 

lized 

C^n vis- 
col jzed 1 

Visco- 

li/.ed 

Unvus- 

.'olized 

Vlseo- 

lized 

I'n vis- 
colized 

Visco- 

lized 


Per rent 

Per cent 



Per cent 

Per cent 



0 

2. 1 


r- 


i.7r> 






(a) 


r- 


(“) 


k- 

... 

1,0W._ 


(*•) 




(“) 


h' 

l.-W . 


(«) 


('- 




{} 

2,000. - . 




F 


N one. 


(1 

2.m) 


None. 


(1 

.... . 

None. 


(} 

« Too indist.inot for aoeurate reading. 



Small layer. 




Viscolizing High-Test Cream 

Attempts to eliminate the serum layer by viscolizing high-test 
cream before standardizing it with unviscolized milk proved unsuc- 
cessful, However, the serum layer was always considerably reduced 
in volume by this treatment. On the other hand, this method gave 
a much more distinct serum layer, thus overcoming the advantages of 
the reduced volume. 
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ViscoLiziNO Only a Portion of the Cream 

By mixing 10 per cent of cream, standardized to 20 per cent fat 
and viscolized at 2,500 pounds pressure with unviscolized cream 
testing 20 per cent fat, the volume of the serum layer was decreased 
from 2.1 to 1.18 per cent, or reduced approximately 44 per cent. The 
treatment had no significant influence on the distinctness of the layer 
as compared with that in the check samples which had not been 
viscolized. 

EFFECT OF THE ADDITION OF VARIOUS SALTS 

Sodium carbonate, sodium citrate, calcium chloride, dicalciuni 
phosphate, and monocalcium phosphate were added in varying per- 
centages to cream in order to determine the effect of these salts on the 
separation of free serum. The cream used was separated from milk 
at temperatures between 90° and 100° F., was standardized from 
44.5 per cent butterfat to 20 per cent butterfat, and was pasteiiiized 
at 145° for 30 minutes. After the salts were added, the samples were 
held at 35° to 40° for 48 hours before observations were made. The 
results are given in Table 16. The addition of 0.1 per cent sodium 
carbonate considerably increased the volume and made the layer 
slightly more distinct than in the check samples. The addition of 
0.3 and 0.5 per cent decreased the volume as compared with that 
when 0.1 per cent was used, but a partial precipitation of the curd 
took place, as demonstrated by the clear whey which was left in the 
bottom instead of the usual serum. 

Table 16 . — Effect of the addition of various salts to pasteurized cream containmg 
20 per cent of butterfat 


[Four trials in pach last] 

SALT ADDED BY WEIGHT, DRV 


Salts used 

Serum layer when indicated per- 
centage of salt was added 

Di.stmctne'is of serum layer 
when indlcfUp<l percentage of 
salt was added 


None 

0.1 

0.3 

0.5 

None 

0.1 

0.3 

0.5 

Sodium parbonatc 

1.78 

3.6 

i 2.28 

1. 0.5 

r- 

B- 

A f 

i A-f 

Cfvicium chloride- , -1 

1.78 

1.7.5 

1 1. 75 

1.75 

r~ 

C~ 

D 

D- 

DicalPium phosphate 

1.7S 

1.96 

1 1. 85 

1.88 

r - 

r- 

r- 

C- 

Sodium citrate i 

1.78 

1.6.5 

3.33 

,3. 15 

0- 

C'- 

A-h 

Af 

SALT ADDED AS CUBIC CENTIMETERS Ol 

F SATURATED SOLUTION 



None 

5 

15 

25 

None 

5 ! 

15 

25 

Monocalcium phosphate 

1.78 

?.3.3 

2.26 

8. 25 

C~ 

r- 


D 


CUBIC CENTIMETERS OF WATER ADDED, CHECKS 


None 

5 

15 25 

None 

5 15 

Check samples 1.78 

1.76 

1 

1.85 1.93 

C- 

C- 1 0- 
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The addition of calcium chloride in the various amounts apparently 
had no marked influence on the volume of the serum layer, but the 
addition of 0.3 and 0.5 per cent resulted in the serum layer becoming 
less distinct. 

Dicalcium phosphate in the amounts added apparently had no 
measurable effect either on the size or on the distinctness of the 
serum layer. 

The addition of one-tenth of 1 per cent sodium citrate evidently 
had no marked effect either on the volume or on the distinctness of 
the layer, but adding 0.3 and 0.5 per cent markedly increased both 
the volume and the distinctness of the layer. This may have been 
duo to a partial precipitation of the casein, for the serum was only 
slightly milky at the bottom. This indicated that the greater portion 
of the casein had been carried up with the fat. 

The addition of 5, 15, and 25 c c of a saturated monocalcium phos- 
phate solution increased the volume of the serum, especially in case of 
the most concentrated sample. This salt also reduced the distinct- 
ness of the layer to a slight extent, j)articularly when 15 c c and 25 
c c additions of the solution were made. The 15 c c concentration 
caused a slight i)recipitation of the casein and the 25 c c concentration 
caused a considerable precipitation wliich was noticed during the 
agitation of the samples at the time the solution was added. 

EFFECT OF THE ADDITION OF GELATIN, EVAPORATED MILK, 
SKIM-MILK POWDER, AND SOLUBLE FOOD CASEIN 

Instead of being added to the creajn, the gelatin was added to the 
milk prior to separation. The cream secured from the various lots 
was then compared after being stored at 35° to 40° F. for 30 minutes. 
Except when gelatin was added, the cream used in these experiments 
was separated from milk at 90° to 100°, then standardized from 45 
per cent butterfat to 20.5 per cent butterfat. Before the addition of 
the various substances, the standardized cream was pasteurized at 
145° for 30 minutes. After the substances had been introduced and 
mixed the samples were stored at 35° to 40° for 48 hours before 
observations were made. 

GELATIN 

Some very interesting results were obtained by adding small 
amounts of gelatin to the milk prior to separation, as shown in Table 
17. It was found that by adding 0.1 per cent of gelatin, the amount 
of the serum layer was increased slightly, although accurate readings 
were difficult as this amount of the colloid gave a layer of ('oiisidcrably 
less distinctness than those in the check samples containing no gelatin. 
The addition of 0.2 per cent gelatin, however, caused a reduction of 
approximately 40 per cent in the volume of the serum layer as com- 
pared to that in the check sample, but the la5^er wuis much more 
distinct. Except in one trial in which a trace of a serum layer re- 
mained, it was found that adding 0.3 per cent of gelatin practically 
eliminated and adding 0.4 per cent of gelatin always entirely elimi- 
nated the layer. 

H283e-~32 4 
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Table 17. — Effect of the addition of gelatin to raw milk prior to separation 
[Average of six trials] 


Gelatin 
added 
to milk 

Fat in 
cream 

Scrum 

layer 

DiKtind- 
ness of 
scrum 
layer 

Gelatin 
added to 
milk 

Fat in 
cream 

Serum 

layer 

Distinct- 
ness of 
serum 
layer 

Per cent 

Per cent 

Per cent 


Per cent 

Per cent 

Per cent 


None. 

20..'i 

2. 37 

0+ 

0.3 

22.5 

None. 

0 

0. 1 

21.4 

2. 6n 

D- 

.4 

23.3 

None. 

G 

.2 

21.9 

1. 42 

A 






EVAPORTAED MILK AND SKIM-MILK POWDER 

Since it was understood that concentrated, milk solids are frequently 
added to cream in some commercial plants in an attempt to control the 
serum layer in bottled cream, trials were made to determine the effect 
of adding evaporated milk and skim-milk powder. These were added 
at the rate of 0.5, 1.0, 2.0, and 5.0 per cent. The results arc shown in 
Table 18. One-half of 1 per cent of evaporated milk had no marked 
influence either on the volume or on the distinctness of the serum 
layer. When larger amounts of evaporated milk were added, the 
serum lawyer decreased markedly both in volume and in distinctness. 
The addition of 5 per cent of evaporated milk eliminated the layer 
entirely. 

The results fail to show that skim-milk powder in any of the per- 
centages added had any influence on the size of the layer, although 
accurate observations were difficult when the larger amounts were 
added. No separation was evident in the cylinders when 5 per cent 
of the powder was added, but a layer was discernible in the bottled 
cream. It was apparent from the results that, although from 1 to 5 
per cent of skim-milk powder was an aid in lessening the distinctness 
of the serum layer, the addition of skim-milk powder did not eliminate 
the scrum layer entirely, as did evaporated milk when added at the 
rate of 5 per cent. 


Table 18. — Effect of the addition of evaporated whole milk, skim-mUk powdery 
and casein to pasteurized cream containing 20. o per cent butterfat 


SubwStance added 


Evaporated whole milk. 

Skiin-rnilk powder 

Casein—. 


Trials 

Scrum layer when indicated per- 
centage additions wore made 


0 

0.5 

1.0 

?.o 

5.0 

Number 

2 

2.0 

2.0 

1.5 

L.H 

None. 

2 

2.0 

2.0 

2.0 

2.0 

Trace. 

4 

1.75 

1 



3.88 


Disl,inctne.ss of serum layer 
when indicated percentage 
additions >vere made 


O- 

0 - 

C- 


0.5 

l.O 

2.0 

5.0 

r- 

D 

E 

G 

C 

C- 

1) 

E 





CASEIN 

The results of four trials in adding 0.5 per cent of casein indicated 
that casein added in this amount increased the volume of the serum 
layer. The check samples had on an average a 1.75 per cent layer, 
wnereas in the samples to which casein had been added the layer 
averaged 3.88 per cent. There also seemed to be a tendency for the 
layer to be more distinct, although this effect was not pronounced. 
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SUMMARY AND CONCLUSIONS 

From tho data secured it appears that the separation of serum 
from bottled cream is a defect common to cream processed in the 
plant by the methods tested other than homogenizing or adding 
various substances. Separating the milk at 120° F. seemed to pre- 
vent, in part at least, tho formation of a distinct serum layer, although 
the volume of serum layer remained practically the same irrespective 
of the temperature of separation. Un the other hand, pasteurizing 
milk at 160° for 15 minutes prior to separation decreased the volume 
of the serum layer but had little effect upon the distinctness. Storing 
milk prior to separation caused no appreciable difference either in the 
volume or in the distinctness of the serum layer. 

It appears that pasteurization alone even at as high a temperature 
as 160° for 30 minutes fails to prevent the formation of a distinct 
serum layer. However, pasteurizing raw cream at 145°, 150°, 155°, 
or 160° F. for 30 minutes decreased the volume and increased the 
distinctness of the serum layer, there being no marked difference from 
the results obtained at any exposure. Agitating stored pasteurized 
cream had no significant influence upon the volume of the serum 
layer, but caused it to be more distinct. The speed of cooling 
pasteurized cream apparently had little effect upon the vohiine or 
upon the distinctness of the serum layer. 

The opinion has been current that this serum layer in bottled cream 
results from separating a hi^h-fat-percentage cream and then stand- 
ardizing it back to the desired richness. It seems from the data 
obtained that neither the method nor the heat treatment of the 
medium used in standardization materially reduces the volume of 
serum layer or lessens the intensity of its distinctness. Standardizing 
the cream following pasteurization appears to be desirable in eliminat- 
ing, in part, the formation of a layer of scrum but has little effect on 
its distinctness. 

The length of time cream is held in storage subsequent to bottling is 
an important factor in the formation of the serum layer. Cream held 
in storage longer than 48 hours after being bottled almost invariably 
shows an undesirable serum layer. The volume of the scrum layer 
increased gradually at a decreasing rate as the cream was held. 
The distinctness seemed to increase for some 48 to 72 hours and then 
gradually decreased. An increase in the temperature of creaming 
above 32° F. increased the volume and decreased the distinctness of 
the serum layer. 

Viscolization at 160° F. and a pressure of 1,500 pounds per square 
inch appears to be equally as effective in preventing the formation of 
a layer of serum as 2,500 pounds pressure at 145° F. Mixing 10 per 
cent of cream viscolized at 145° F. with unviscolized cream reduced 
the layer about 44 per cent. The distinctness was not influenced to 
any marked extent. 

The salts added gave various results. Dicalcium phosphate 
apparently had no influence either upon the volume or upon tho 
distinctness of the layer. Calcium chloride, while having no apparent 
effect upon the volume, decreased the distinctness to some extent. 
The other salts added, sodium citrate, sodium carbonate, and mono- 
calcium phosphate, apparently did not influence creaming off until 
amounts were added that partly or totally precipitated the casein. 
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The addition of 0.3 per cent gelatin to the milk prior to separation 
appears to prevent entirely the formation of a layer of serum in the 
cream secured. Likewise, the addition of 5 per cent evaporated whole 
milk to the cream entirely eliminated the serum layer. No separation 
was evident in the cylinders when 5 per cent skim-milk powder was 
added, but a layer was discernible in the bottled cream. It was 
apparent that although 1 to 5 per cent skim-milk powder was an 
aid in lessening the distinctness of the serum layer, it did not eliminate 
the layer entirely as when 5 per cent evaporated whole milk was added. 
These additions to milk and cream, although in some cases attaining 
the desired purpose, should be considered as adulterations, and as such 
are not to be recommended. 

The appearance of a serum layer seems to be a defect common to 
most cream processed without homogenization or additions. By 
bottling the cream not longer than 36 to 48 hours before final dis- 
tribution the formation of the serum layer is usually kept at a mini- 
mum. Pasteurizing the milk intended for skimming at 160° F. for 15 
minutes, separating at 120° F., and standardizing to the desired per- 
centage with pasteurized whole milk seems to yield a cream in which 
the smallest serum layer of least distinctness forms. 
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INHERITANCE OF RESISTANCE TO BUNT, TILLETIA 
TRITICI, IN HYBRIDS OF WHITE FEDERATION AND 
ODESSA WHEAT ' 

By Fred N. Briggs 

Assistant Agronomist y California Agricultural Experiment Station 

INTRODUCTION 

The inheritance of resistance to bunt, Tilktia tritici (Bjerk.) Wint., 
has been reported for hybrids between susceptible varieties of wheat 
and the resistant varieties Martin (i),^ Hussar (/, 2)y White Odessa 
(t^), and Banner Berkeley (4). The present paper deals with the in- 
heritance of resistance to bunt in hybrids between susceptible White 
Federation and resistant Odessa wheats. Data are also included from 
Martin X White Odessa which were not available for the earlier 
publication on White Odessa (3). 

METHODS AND MATERIALS 

The parental material and hybrid populations were grown in the 
field at University Farm, Davis, Calif. The methods of handling 
and the inoculum \ised have been described in previous publications 
(/, 3, 3, 4)-^ This l)unt has been designated as physiologic race III 
of 7'illetia tritici, by Reed , 

The resistant parent was obtained in 1919 under the name of Gold- 
coin but was later identified as Odessa, l)y J. A. Clark, Division of 
Cereal CVops and Diseases, United States Department of Agriculture. 

That Odessa is very resistant as compared with White Federation 
may be seen in Table 1. 


Table 1 . — Annual percentage of hunt infection in the parent wheat varieties 


Variety | 

Perwntage of bunted plants in - 

1920 

1921 

1922 

1927 

1928 

1929 

1930 

1931 

Ode.ssa 

0.6 

0 

0,7 

0 I 



0 

0 

0 

Martin 

0 

0 

0 

0 


0 

0 

0 

White Federation 

88.7 i 

51.6 

58.3 

66. 6 

68.9 

78.6 ! 

62.2 i 

44.9 


It is not known just why Odessa produced a little bunt during 1920 
and 1922 but has been bunt free in other years when grown under 
similar conditions and inoculated wdth bunt from the same original 
source. Similar results were obtained with White Odessa (3) and 
Banner Berkeley wheats (4). Such small amounts of bunt are of little 
importance, ^^^artin has been completely resistant during the entire 
period. 
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EXPERIMENTAL RESULTS 

Some of the F2 seeds of all crosses were treated with copper car- 
bonate to protect them from bunt infection in order to grow seed for 
the Fa generation. The rest of the Fa seeds were inoculated with 
bunt and grown the following year along with the F3 rows. 

F2 data do not permit a satisfactory Mendelian analysis because 
some susceptible plants usually escape infection. Also heterozygous 
resistant and homozygous resistant plants occasionally may become 
infected. F2 data do indicate, however, the percentage of bunt 
to expect in F3 rows of the same genotype. Accordingly, the results 
are given in Table 2. 


Table 2. — Percentage of hunted plants in the parents and F2 of the crosses named 
when grown in the field at Davis ^ Calif. 


Parent or cross 

Year 

grown 

Plants 

grown 

Plants bunted 

Odessa - 

11)30 

Nuniber 

412 

Number 

0 

Per cent 

0 

Martin 

1030 

141 

0 

0 

White Federation 

1030 

546 

334 

01.2 

Fa White Federation X Odessa 

1030 

1,161 

658 

175 

15. 1 

Fa Martin X Odessa 

1030 

0 

0 

White Odessa. 

1031 

143 

0 

0 

Martin 

1031 

150 { 

0 

0 

White Federation., - 

1031 

648 1 

201 

44.0 

Fa Martin X White Odessa 

1031 

350 

0 

0 



There was an average of 15.1 per cent of bunted plants in the F2 
of White Federation X Odessa, which is considerably less than the 
25 per cent expected on the basis of a single dominant factor for 
resistance. Martin X White Federation produced 17.2 per <*ent of 
bunted plants in F2 (f ). At that time it was shown that emoiigh sus- 
ceptible plants had 'escaped infection to bring this figure into satis- 
facjtory agreement with the 25 per cent expected. The F2 data, then, 
indicate that Odessa differs from WTiite Federation in a single domi- 
nant factor for resistance to bunt, and that heterozygous F3 rows 
should contain an average of about 15 per cent of bunt. 

Table 3. — Distribution of parent and Fz rows of the crosses named into 6 per cent 
classes for bunt infection^ when grown at Davis , Calif. 


Parent or cross 

Year 

grown 

Distribution of rows of wheat plants having a bunt infection (i)er 1 
cent) of— 1 

Total 
num- 
ber of 
rows 

0 

1 

to 

5 

5 

to 

10 

10 

to 

15 

15 

to 

20 

20 

to 

26 

25 

to 

30 

30 

to 

35 

35 

to 

40 

40 

to 

46 

45 

to 

60 

60 

to 

56 

66 

to 

60 

60 

to 

05 

05 

i,o 

70 

70 

to 

76 

75 

to 

80 

80 

to 

85 

85 

to 

90 

White Federation 

1930 

19.30 

1930 

1930 
1980 

1931 
1931 
1931 

1931 












3 

3 

2 

2 

2 




12 

10 

4 

.302 

149 

4 

4 

20 

98 

Odessa... 

10 

4 

61 

149 

4 

4 














Martin 



















White Federation X 
Odessa.. 

18 

14 

42 

60 

29 

7 

4 

8 

2 

13 

17 

10 

9 

14 

6 

6 

1 

1 

Martin X Odessa 

Martin 



















White Odessa 



















White Federation 







"i 

"i 

"4 

"6 

"1 

”2 

... 

"i 





Martin X White 
Odessa 

98 
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The F 2 of Martin X Odessa was free from bunt, indicating that 
Odessa has the same factor for resistance to bunt as Martin F 2 data 
of Martin X White Odessa indicate that White Odessa also has the 
Martin factor. 

Obviously, the classification of F 2 plants on the basis of the be- 
havior of their progeny in F 3 rows is more reliable than classification 
in F 2 . F 3 rows contained from 30 to 60 plants. These data are 
recorded in Table 3. 

The rows having from 0 to just less than 5 per cent of bunted plants 
were separated into those with no bunted plants and those with some 
but less than 5 per cent of bunted plants, because of the special in- 
terest in the former. The nature of the distribution may be seen more 
readily in Figure 1 . The numbers of rows under the three modes are 
in close agreement with the 1 : 2:1 ratio. As in the crosses with Mar- 
tin, White Odessa, and Banner Berkeley the first minimum fell at 



3(JNT tNFiCTl ON fP£R CENT) 

FmuiiK 1 . — Distrilmtiou of F 3 rows of tho cross White Federation X Odessa into 6 per cent classes 

of hunt infect ion 

7.5 per cent of bunted plants. The division between the heterozygous 
and the susceptible rows is not so sharp but has been somewhere near 
50 per cent of bunt infection, falling at 42.5 in this case. As divided 
by these minima there were 76 resistant, 148 heterozygous, and 78 
susceptible rows where 75.5, 151.0, and 75.5, respectively, were ex- 
pected. The susceptible rows had an average of 60.1 per cent of 
bunt while 12 rows of Wliite Federation averaged 62.2 per cent. The 
heterozygous rows averaged 18.5 per cent under the same conditions 
under w&ch 30 F 2 rows produced 15.1 per cent of bunted plants. 

No doubt some rows are classified incorrectly by accepting these 
minima as the points of division between phenotypes. Duplicate 
plantings were made of 53 Fa rows and their classification was com- 
pared, using the minima established by the entire F 3 as the points of 
division between phenotypes. The second planting was made in the 
same nursery but at some distance from the first. The results are 
shown in Table 4* 
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Table 4. — Percentage of hunted plants in duplicate plantings of Fz row of White 
Federation X Odessa 


How 

Percentage of 
bunt 

How 

Percentage of 
bunt 

How 

I*ercentago of 
built 

How 

Percentage of 
bunt 

No. 

Series 

1 

Series 

2 

No. 

Meries 

1 

Series 

2 

No. 

Series 

1 

Series 

2 

No. 

Series 

1 

Series 

2 

1 

48.3 

67. 6 

15 

l.G 

0 

11.3 

28_-, 

54.8 

60. 3 

41 

20.3 

17.5 

2 . ... 

0 

2.3 

16 

17.2 

29 

10.7 

19.6 

42 

51.2 

43.6 

3 

0 

0 

17 

14.3 

3.9 

14.8 

30 _ , 
31--. 

0 

2.0 

43 

21.0 

21.3 

4 

23. 1 

11.8 

18 

1.7 

20.0 

14.0 

44 

0 

0 



00.7 

r»3.2 

19 

47.5 

52. 5 

32 

19.0 

22.8 

45 

58. 5 

57. 4 

0 

33.3 

46.3 

20 

64. 3 

01.8 

3:1 

17.1 

29.6 

40 

0 

0 

7 . 

7.8 

20.0 

21 

08.7 

5 : 1.8 

34 

60.0 

54.7 

47 

20.4 

9.3 

8 . . 

10.4 

13.5 

22 .. . 

23.5 

H.8 

;i6 

25.5 

2 : 1.6 

48 

13.0 

29.3 

21.3 

9. 

0 

0 

23 

12.7 

27.5 

3.5 

36 

0.0 

1.7 

49 

12.8 

10 

12.3 

18.0 

24 

1.7 

37 

15.6 

7.3 

60 

26.0 

18.5 

ii 

13.7 

22.4 

25 

08.4 

67.2 

38 

18.2 

19.1 

61... ... 

36.6 

10.9 

12 

10. 7 

0.8 

20 

0 

0 

39 

0 

0 

62 

0 

0 

13 . 

14. 1 

15.5 

27. - — 

27.5 

8.8 

^ 

2.4 

2.7 

1 

63 

14. 3 

20.0 

14.. 

49.1 

44.8 





In a number of cases the actual percentages of bunt vary consider- 
ably between scries 1 and series 2, but in many cases they are in close 
agreement. The average percentage of bunt in the first seiies is 21.9 
and in the second 21 .7. The classification in the second series differs 
from the first in only two cases. No. 6 changed from heterozj^gous 
to susceptible and No. 37 from heterozygous to resistant. A similar 
experiment was made with 36 F3 rows of White Federation X Banner 
Berkeley. The data are very similar to those in Table 4, even though 
the first planting was made in 1929 and the duplicate planting in 1930. 
The classification differed in only one case. No. 28 was classified as 
heterozygous in 1929, but as resistant with 7.3 per cent of bunt in 
1930. These duplicate plantings indicate that the minima indicate 
the division between phenotypes quite accurately. 

The classification of F2 plants, determined on the basis of the per- 
centage of bunted plants m F3 rows, shows that Odessa differs from 
White Federation in one main dominant factor for resistance to bunt. 
That this factor is identical with the factor in Martin wheat is evi- 
denced by the fact that there was no bunt in the F2 or 149 F3 rows of 
the Martin X Odessa cross. 

In an earlier publication (3) it was shown that White Odessa differed 
from White Federation in one main dominant factor for resistance to 
bunt, which was similar in its effect to the Martin factor. The factor 
for resistance to bunt in White Odessa is identical with the factor in 
Martin. 

DISCUSSION AND SUMMARY 

The literature discussed in earlier publications will not be repeated 
here. Recently, Churchward (5) has reported that Florence differ 
from Hard Federation in one main factor for resistance to bunt. This 
is of special interest because Florence is a parent of Ridit, which is 
very resistant to bunt, and was selected from a cross of Turkey X 
Florence, by Gaines (fi). The writer^ has found that Turkey differs 
from White Federation in one main factor for resistance. Unless 
there are some factors in Turkey or Florence which are not apparent 

* Brioos, F. N. Op. dt, (See footnote 3.) 
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in the presence of the physiologic forms of bunt used in these experi- 
ments, Ridit should not contain more than these two factors for resist- 
ance to bunt. However, unpublished data from crosses of Florence X 
White Federation and Florence X Big Club, grown at this station, have 
yielded data which the writer has not been able to analyze satisfactorily 
for Mcndelian ratios. This may indicate the presence of a large 
number of modifying factors or possibly multiple factors. These 
points are being investigated . A difference in bunt migb t give different 
results. The bunt used at Davis is the one designated as physiologic 
race III of Tilletia tritiei, by Reed (7). 

(3dessa and White Odessa, like Martin and Banner Berkele^y, 
may be designated as M M h h. Hussar is of the M M 11 U constitu- 
tion. The proper designation for Turkey L558 and Turkey 3055 is not 
known at present. Tliey each contain a single factor for resistance 
whi(‘h is similar in effect to the second Hussar factor 11 IL 
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THE EFFECT OF ARTIFICIAL DRYING ON THE AVAILA- 
BILITY OF THE NUTRIENTS OF ALFALFA HAY* 

By E. B. Hakt, Professor of Agricultural Chemistry, (). L. Kline, Assistant in 

Agricultural Chemistry, and G. C. Humphuey, Professor of Animal Husbandry, 

Wisconsin Agricultural Experiment Station'^ 

INTRODUCTION 

Recently there have come into practical use a number of driers 
desigjned for the rapid desiccation of large quantities of green plant 
tissue. Naturally the question of the availability of the nutrients 
of such dried hays as compared with those of hays cured in the 
ordinary way becomes important. 

One of the fir*st driers used in this country for the desiccation of 
green plants was the Mason drier. In this machine the ])eriod of 
drying is from 30 to 35 minutes, and the temperature of the heated 
air as it passes from the furnace to the drying tunnel is 127° to 129° C. 
Later the Koou drier came into use. A Koon drier, established on 
the farm of Howard T. Green at Genesee Depot, Wis., was used 
there experimentally for a number of years. The maximum tem- 
perature to which plants were exposed in the process of diying and 
the time of cx])Osure were definitely measured. The time consumed 
in the drying process was not more than one minute. The highest 
temperature recorded for fresh green material was 480° to 535° C. 
with an exposure of 40 seconds. Where the ma terial had already been 
jiartly dried lower temperatures were used at the inlet. Such high 
temperatures of the drying gases must be used in the evaporation of 
the water without subjecting the dry matter itself to them. In spite 
of the high temperatures the hay comes out of the drier retaining a 
pea-green color. It was not known, however, whether these temper- 
atures had rendered unavailable certain valuable constituents of the 
plants, and it was to determine the efl*e(*Is of this method of drying 
on the availability of important nutrients that the experiment herein 
reported was undertaken. 

vStudies have been carried out on the effect of the Mason drying 
process on the vitamin A and D content of alfalfa.^ Russell found 
that alfalfa cured by the Mason process was seven times as potent 
in its vitamin A content as field-cured hay, but that it was very low 
in vitamin D — as would be expected when compared with alfalfa 
cured in the sun. Hauge and Aitkenhead'^ also found that alfalfa 
dried in artificial driem, at a much higher temperature than that 
used in the Mason drier, was still rich in vitamin A. They say: 
^‘Even a temperature as high as the hot flue gas used in one of the 
ma(‘hines, or the sterilization temperature of the autoclave, was not 
destructive.'^ No mention is made of the type of drier used. 


i Received for publication Mar. 4, 1932; issued October, 1932. 

* The writers’ thank.s are due Howard T, Oreen, of Brook Hill Farms, Uonosee Depot, W'is., for making 
this investigation possible. 

» KUSSBLL, W. 0. THE EFFECT OP THE CUKING PROCE»S ITPON THE VITAMIN A AND D CONTENT OF 

alfalfa. Jour. Biol. Chem. 86: 289-297. 1929. 

* Hauge, S. M., and Aitkenhead, W . the effect of ajitificial drying upon the vitamin a content 
OF alfalfa. Jour. Biol. Chem. 93: 663. 1931. 
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EXPERIMENTAL PROCEDURE 

Three lots of second-growth alfalfa hay, cut from the same field 
were prepared at the Brook Hill farm. The hays were cured in 
three different ways: Hay No. 1 was cut on August 1, 1930, and 
dried immediately in the Koon drier. Hay No. 2 was cut at 2.30 
p, rn., July 31, raked into a windrow late in the afternoon, hauled 

1 ‘ust before noon on August 1, and dried in the artificial drier. This 
lay had lost about 40 per cent of its moisture before it was actually 
dried in the drier. Hay No. 3 was field cured, cut on August 13, 
at 3 p. 111 ., raked into windrows on August 14 about 1 p. m., and 
cocked about 4.30, August 14. This hay was hauled August 20, cut 
with a silage cutter, and blown into bags. 

The hays, cut and bagged, were delivered to the experiment station. 
All were a rich pea-green color. Studies on the digestible dry matter, 
digestible protein, and available calcium were made with three high- 
producing Holstein cows that were in the early part of their third 
lactation period. The metabolism experiment was begun February 5, 
1931. Cow No. 1 freshened January 15, 1931; cow No. 2 freshened 
December 22, 1930; and cow No. 3 freshened December 20, 1930. 
All developed into heavy milkers — that is, they produced 50 to 60 
pounds of milk daily. 

The ration used consisted of 10 pounds of the alfalfa hay, 25 pounds 
of corn silage, and for every 3 to VA pounds of milk 1 pound of a 
grain mixture made of 59 parts of yellow corn, 25 parts of wheat bran, 
15 parts of oil meal, and 1 part of salt. 

In the first period of three weeks the animals were fed hay 1 (dried 
immediately); in the second period of three weeks, hay 2 (partly 
field cured and then dried in the drier); and in the third period of 
three weeks, hay 3 (sun cured in the field). 

Quantitative collection of the excreta and quantitative collection 
of the milk, with a complete analysis of income and outgo, particu- 
larly in reference to calcium, digestible dry matter, and digestible 
nitrogen, were made. During the course of the experiment the feed 
consumption by the animals was complete, except in the ninth week, 
when cow 2 left some residue. 

EXPERIMENTAL DATA 

Table 1 gives the record of digestibility of the dry matter. A 
study of this table indicates that the coefficients of digestibility of the 
dry matter of the three hays were very much alike. Apparently 
drying at a high temperature for 40 seconds had in no way impaired 
the availability of the dry matter of alfalfa for the cow. 
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Table 1. — Data on digestibility of dry matter in alfalfa dried and cured in different 

ways 

PEKIOD 1-llAY 1 (ALFALFA DRIED IMMEDIATELY) 


Week No. 

(’ow 1 

Cow 2 

('ow 3 

Dry- 
mat ter 
intake 

Dry 
matter 
in feces 

Differ- 

ence 

Coef- 
flcienl 
of di- 
gesti- 
bility 

Dry 

matter 

intake 

Dry 
matter 
in feces 

Differ- 

ence 

Coef- 
ficient 
of di- 
gesti- 
bility 

Dry 

matter 

intake 

Dry 
matter 
in feces 

Differ- 

ence 

Coef- 
ficient 
of di- 
gesti- 
bility 


Grama 

Grama 

Grama 

Per ct. 

Grama 

Grama 

Grama 

Per ct. 

Grama 

Grama 

Grama 

Per ct. 

1 - 

91,28(>| 

26, 461 

64, e2.*i 

71.0 

88,516 

2.5, hm 

62, 958 

71. 1 

9i,286 

27, 187 

64, 01»9 

70.2 

2 - 

91, 28«! 

25, 530 

65, 7,56 

72.0 

88, 516 

24, 948 

63, .568 

71.8 

91,286 

28,093 

63, 193 

69. 2 

3--- - 

91,286 

27, 179 

64. 107 

70.2 

88.516 

24,617 

63, 899 

72. 1 

91, 286 

28, 745 

62, 541 

68.5 

\ veraue . . , 




71.0 




71.7 




69.3 















FEKIOU 2-HAY 2 (ALFALFvY PARTLY CURED) 


4 

90, 427 

26, 713 

03,714 

70.4 

87, 662 

20,617 

61,045 

69. 6 

90,427 

29. 731 

60. 696 

67. 1 

5. ! 

90, 427 

25, 764 

64, 6fH 

71.5 

87, 662 

23,976 

63, 686 

72.6 

90, 427 

28, 080 

62. 347 

68.9 

6 

90,427 

26, 235 

64, 192 

71.0 

87,662 

20. 114 

61,548 

70.2 

90, 427 

27,0441 

63,383 

70.0 

A verage 




71.0 




70. 8 




68.7 




. 1 








PERIOD 3-nAY 3-(ALFALFA SUN CURED) 


7... 

90, 538 

24, 646 

65. 892 

72.7 

1 

87, 784 

1 

25,017 

62,767 71.5 

90, 538 

27, 2941 63, 244 

69.8 

8 

IK), 538 

27, 113 

63, 425 

70, 0 

87. 784 

26,840 

60, 9441 69. 4 

90, .538 

28,482 62,056 

68. 5 

9 - 

90, 538 

26, 309 

04. 229 

70. 9 

87. 784 

18,688 

69,096| (“) 

90, .538 

28, 189 62, 3491 

68.9 

.\ verage 

1 



71.2 


„ 1 

j 70.4 


1 1 

69. 1 


1 

1 1 ! 


1 1 1 



1 



<• Cow off feed. 


Table 2 gives a record of the digestible nitrogen. A careful study 
of this table shows that the protein and other nitrogenous complexes 
of the hay were not rendered unavailable through the heat treatment 
of this particular drier. One might interpret the records of cows 1 
and 3 as indicating a slightly lower availability (]f the protein in the 
hay that was immediately dried as compared with that in the sun- 
cured hay, but the differences are too slight to be of any real signifi- 
cance. In the case of cow 2 the availability of the nitrogen in the 
three periods was practically identical. 
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Table 2. — Data on digestibility of nitrogen in alfalfa dried and cured in different 

ways 

PERIOD 1-HAY 1 (ALFALFA DRIED IMMEDIATELY) 


Week 

No, 

Cow 1 

Cow 2 

Cow 3 

Total 

nitro- 

gen 

intake 

Nitro- 
gen in 
feces 

Nitro- 
gen di- 
gested 

Coof- 
flclent 
of di- 
gesti- 
bility 

Total 

nitro- 

gen 

intake 

Nitro- 
gen in 
feces 

Nitro- 
gen di- 
gested 

Cyoef- 
llcient 
of di- 
gesti- 
bility 

Total 
nitro- 
gen 1 
intake 

Nitro- 
gen in 
feces 

Nitro- 
gen di- 
gested 

Coef- 
ficient 
of di- 
gesti- 
bility 


Grams 

Grams 

Grams 

Per c<. 

Grams 

Grams 

Grams 

Per ct. 

Grams 

Grams 

Grams 

Perct. 

1 

2, 315. 95 

642.60 

1,673.35 

72.2 

2, 229. 85 

1 666:00 

1, 563. 25 

70.1 

2,315.95 

773. 14 

1, 542. 81 

66.6 

2 

2, 315. 95 

612. 70 

1, 703. 25 

73.1 

2, 229.86 

631.80 

1,698.05 

71.6 

2,315.95 

719. 96 

1,595.99 

68.9 

3 

2,315.95 

639.00 

1,676.96 

72.4 

2, 229. 86 

640.80 

1,689.05 

71.3 

2,315.95 

827.68 

1, 488. 27 

64.3 

Average— 




72.6 

- 



71.0 


— 

— 

66,6 


PERIOD 2-lIAY 2 (ALFALFA PARTLY CURED) 


4 2,379.51 

5 2, 379. 51 

6 .. 2,379.51 

698.20 
639.00 
613. 80 

1, 781. 31 
1, 740. 51 
1, 765. 71 

74.92,293. 41 
73. 3 2, 293. 41 
74.2 2,293.41 

686.88 

642.82 

645.84 

1,606.63 
1, 650. 69 
1, 647. 57 

70. 02, ,379. 51 
71, 9 2, 379. 51 
71.8 2,379.51 

798. 75 

1 793.49 
685.26 

1, 580. 76 
1,586. 02 
1, 694. 25 

66.5 

66. 6 
71.2 

Average.. 



74.1 



71.2 



68. 1 












PERIOD 3— HAY 3 (ALFALFA SUN (HIRED) 


7 2,363.62 564.601,799.02 76.12,277.52 652.15 1.625.37 71.3 2,363.62 772.741,590.88 67.2 

8 2, 363. 62 591. 00 1, 772. 62 75. 0 2, 277. 62 637. 81 1, 639. 71 72. 0 2, 363. 62 773. 26 1. 590. 36 68. 9 

9 2,363.62 552. 60 1. 8U. 02 76.6 2,277.52 395.14 1,882.38 («) 2,363.62 748.501,015.12 68.3 


“ Cow oft feed. 

In Table 3 are given the records of the calcium metabolism of the 
cows during the three periods, as well as the weekly milk production. 
As is usually the case with cows in the early part of lactation, especially 
liberal proiiucom, these animals are in negative lime balance. The 
results recorded here are in harmony with previous observations in 
calcium metabolism work with cows. There is no indication, however, 
that the different treatments to which the hays had been subjec’ted 
materially influenced the availability of the calciiun. The calcium 
in the immediately dried hay appears to have been a little more readily 
assimilated, but the difference is very slight. 


Table 3. — Calcium bala?ice and milk production of three cows when fed alfalfa hay 
which had been dried and cured in different loays 
COW 1— PERIOD 1— HAY 1 (DRIED IMMEDIATELY) 


Week No. 

GaO in 
feces 

CaO in 
milk 

CaO in 
urine 

Total 
CaO ex- 
creted 

Total 
CaO in- 
take 

ChO bal- 
ance 

Weekly 
milk pro- 
duction 


Grams 

Grams 

Grams 

Grams 

Grams 


Pounds 

1 - 

708.20 

251. 57 

7.59 

967.46 

895. 28 

--72. 17 

4.32. 8 

2 - 

699. 93 

246. 49 

15.61 

962.03 

895. 28 

-66.75 

448.7 

3 

7,33.28 

233.96 

10.49 

977. 73 

895. 28 

1 

-82. 45 

422.4 

COW 1— J 

PERIOD 

2--HAY 2 (PARTLY SUN CURED) 



4 — 

677.06 

261. 89 ! 

9.98 

938.41 

803.71 

-134. 70 

436.0 


672.95 1 

254.82 

9.95 

937. 72 

803. 71 

-134.01 

412.7 

6 

669. 17 

250.43 

6.50 

926. 10 

803.71 

-122.39 

427.6 
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Table 3. — Calcium balance and milk production of three cows when fed alfalfa hay 
which had been dried and cured in different ways — Continued 

cow 1 - I'EUrOD 3— IlAY 3 (SUN CURED) 


Week No. 

1 CaOln 
feces 

CaO In 
milk 

CaO in 
urine 

Total 
(’af) ex- 
creted 

Total 
CaO in- 
take 

CaO bal- 
ance 

Weekly 
milk jiro- 
duction 

7 

Grams 
623. 61 
669. 93 
630. 63 

Grams 
233. 67 
22J.03 
19.3.41 

Grams 
10. 04 
11.66 
1.6. 44 

Grams 
873. 12 
902. 62 
846. 48 

Grams 
753. .60 
7.63. .60 
7.63. .60 

-119.62 

-149.13 

-91.98 

Pounds 
414.9 
406. 7 
377.0 

8 - 

9 


COW 2-rEllTOD 1- TIAY 1 (DRIED IMMEDFATEl.Y) 


689. 60 

248. 90 

9.83 

948. 35 

890. .69 

-57. 70 

001.23 

248. 01 

10.70 

919. 94 

890. ,69 

-29. 3.6 

014. 03 

240. 74 

7.82 ^ 

809. 19 

890. .69 

+21. 40 


C(AV 2~VF:KI0D 2— hay 2 (PARTLY SUN CURED) 


028. 21 

243. 83 

8.49 

880. .6.3 

798. 43 

-82. 10 

317. 8 

.693. .67 

247. 49 

7.03 

848. 09 

798. 43 

-60. 20 

313. 3 

01 1.. 68 

231.43 

9.82 

852. 83 

798. 43 

-64. 40 

318. 0 


(’OW 2~ PERIOD 3 -HAY 3 (SUN CURED) 


637. .63 

231. 40 

10. 71 

879. 64 

748. 22 

-131.42 

301.6 

.683. 6.6 

222. 90 

18.07 

824. .62 

748. 22 

-76. 30 

291. 0 

400. 78 

149. 28 

0. 6.6 

.6.60. 71 

74H. 22 

"+191.61 

190. 9 


COW 3 PERIOD 1 HAY 1 (DRIED IMMEDIATELY) 


636. 22 

271.40 

10.98 

917.00 

896, 28 

-22. 38 

427.1 

6,34. 68 

219. 07 

8. 6.6 

892. 30 

896. 28 

+2. 98 

428. 0 

600. 0.6 

200. 07 

11.79 

938.61 

89.6. 28 

-43. 2.3 

436. 1 


("OW 3-PERlOD 2-HAY 2 (PARTLY SUN CURED) 


4 

002.44 

239.28 

.6. 47 

907. 19 

80.3.71 

-103. 48 

.6 

02.3.00 

294. 92 

7. ,69 

920. 17 i 

803.71 

-122. 46 

■ * 

,6.6.3.28 

271. 31 

7.7,6 

8.32. 34 

80.3.71 

-28. 03 


COW 3 -PERIOD .3-lTAY 3 (SUN CURED) 


001.28 

203. 70 

.6.41 

870. 39 

7.63. 50 

-110.89 

420.9 

012.00 

206.59 

6. 89 

KKl. 54 

7.63. .60 

-130.04 

414.9 

.682.63 

229. 05 

7. 36 

819.03 

7,63. 50 

-06. 53 

388.1 


“ Cow off feed. 


SUMMARY 


Second-cutting alfalfa hays, (1) dried immediately in an artificial 
drier (Koon); (2) partly dried in the field and then dried in the 
artificial drier, and (3) completely dried in the field, were studied for 
the availability of their dry matter, protein, and calcium. 

The availability of the clry matter, protein, and calcium was much 
alike in all three hays, as measured by metabolism experiments with 
heavy-milking cows. 

Apparently the high temperature of 480° to 535° C. for 40 seconds, 
to which the green legume plants wore exposed in the immediate- 
drying process, did not reduce the availability of the nutrients 
studied. 
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A CYTOLOGICAL STUDY OF HETEROTHALLISM IN 
PUCCINIA CORONATA' 

By Ruth F. Allen * 

Pathologisiy Division of Cereal Crops and Diseases, Bureau of Plant Industry, 

United States Department of Agriculture, and Associate in Agronomy, California 

Agricultural Experiment Station 

INTRODUCTION 

Since the announcement by Craigie in 1927 of heterothallisin 
in the rusts (77) ® and his subsequent investigations confirming and 
extending his observations (7^, 13), work has gone steadily forward 
on this subject. 

Waterhouse (36), Stakman, Levine, and Cotter (35), and Newton, 
Johnson, and Brown (33) hybridized physiologic forms of Puccinia 
graminis Pers. and found in the progeny physiologic forms of the 
rust new to science. 

Hanna (16) published a preliminar}^ account of cytolojjical studies of 
Puccinia graminis showing that the isolated monosporidial infection 
remains haploid and produces haploid aecia. When spermatia 
(pycniospores) of opposite sex are transferred to it, the spermatia 
germinate, and soon after this the sporophyte generation originates 
in the aecium in the manner described by Christman (8, 9). 

The writer (7), in a paper covering the same ground, found that 
in the infection of Puccinia graminis to which spermatia have been 
transferred the sporophyte generation begins earlier. Mycelial 
cells containing from one to five nuclei are found at the spermogonia, 
at various points in the mycelium, and in the young aecium before the 
sporogenous layer is differentiated. 

Andrus (3), in a cytological study of Uromyces appendiculatus 
(Pers.) Fries on beans and Uromyces vignae Barclay on cowpeas, 
found in the aecial primordia certain uninucleate 2-legged cells, 
which arc considered equivalent to eggs. Each is joined to a ‘*foot 
cell,^^ and from each a hypha, trichogynous in nature, grows upward, 
branching as it grows, to the upper epidermis (and to a lesser degree 
to the lower), where the tips project into stomata or between epidermal 
cells. Spermatia on the surface of the leaf enter the ruptured tips of 
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these trichogynous hyphae, and their nuclei travel through them 
to the egg, wnich then, either directly or after further proliferation, 
gives rise to spores. 

In a similar study of Puccinia triticina Eriks, the writer (2) found 
that the isolated infection of monosporidial origin remains haploid. 
Sperm^onia form in about equal numbers at both surfaces of the 
leaf. While spermogonia are developing, hyphae grow into stomatal 
apertures at the lower surface of the leaf or between epidermal 
cells at either leaf surface. Aecial primordia form near the stomatal 
hyphae. When spermatia from another and different infection are 
applied to the surface of an infected area, spermatial nuclei may 
enter at any exposed hypha tip, initiating there the sporophyte 
generation, which then spreads quickly from the point or points of 
origin and soon permeates the aecia. The spread may be by growth, 
perhaps also by '^diploidization,’^ as described by Buller (7). Mul- 
tinucleate cells are common during this development, both in the 
mycelium and in the aecia. 

The theories of Blackman (5, 6) and Christman (<^, 9) as to the 
origin in ontogeny of the sporophyte generation in rusts are somewhat 
at variance with each other. Recent advances in our knowledge of 
heterothallism and the function of spermatia in this group have 
brought both of the older theories under question. It was in the hope 
of obtaining further light on the subject that a cytological study 
of Puccinia coronata Cda . was undertaken. 

MATERIALS AND METHODS 

Spores of Puccinia coronata were stored, until time for use, in loose- 
mesh cloth bags on the ground in a partly shaded spot, or in the head 
house (potting house). Buckthorn plants {Rhamnus cathartica L.) 
were grown in the greenhouse and used when they were from 4 to 10 
inches liigh. 

In inoculating, watch crystals were filled with mud. Bits of rusted 
oat leaves were soaked in rain water several hours and sprayed with 
an atomizer, then pressed into the mud with the spores exposed, and 
sprayed again. A bit of wot sphagnum was wrapped around the base 
of each buckthorn seedling. Tall glass tumblers with the bottoms 
removed and the sides lined with wet paper were placed over the 
seedlings, and the mud-filled crystals were used as lids. A layer of 
wet paper was folded down over the top of each tumbler and held in 
place with a rubber band. The whole was placed under a greenhouse 
bench for 48 hours, then uncovered and placed on tlie bench. The 
plants were kept covered with tarlatan cages to exclude insects. 


EXPLANATORY LEGEND FOR PLATE 1 

A. —Uninucleate sporidium of Puccinia coronata on the surface of a Rhamnus leaf, pushing out a beak at a, 

B. — Uninucleate sporidium, with narrower beak (o). 

C. — Beginning of infection: a. Sporidial wall; b and c, nuclei in cytoplasm; d, pierced epidermal wall; e, 
entering cytoplasm; /, host nucleus. 

D. — Stage of entrance: a and b, Nuclei in the sporidium; c, pore in the wall at the point of entrance; /, 
club*8haped mass of fungus plasm in cell; d and t, host nuclei. 

E. — One-day infection; a, Oollai^d sporidial wall; b, entrance tube. 

F. — One-day Infection: a, Blnucleate fungus cell in epidermal cell; b and c, host nuclei. 

0. — One-day infection: a, Collapsed sporidial wall. 

H.— One-day infection: o, Blnucleate fungus eetl in epidermal cell; 6, host nucleus. 

1. -“Two-day infection: a, Empty sporidial wall; 6, blnucleate fungus cell. 

L— 1^0-day infection: a, Sporidial wall; b, trinuefeate ftxngus cell inside. 

K.— One-day infection: a, Entrance pore; b, sporidial wall; d and «, septa of a-cell primary li>pha in 
epidermal cell; /, bfanch from primary Hypha; c, host nucleus. (All X 1,130.) 
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Material was fixed daily for the first three weeks and at longer 
intervals from then on until the death of the fungus. Several fixing 
solutions were used. Flemming’s weak was the most trustworthy, 
but Flemming’s medium was equally good with older material. After 
remaining 36 to 48 hours in the fixing fluid, the material was washed, 
dehydrated, and embedded in 50° paraffin. The principal stains used 
were safranine and methylene blue. These are excellent when the 
slides are fresh. Prolonged exposure to light, however, fades the blue 
stain. 

EXPERIMENTAL DATA 

ENTRY OF THE RUST 

Twenty-four hours after the Rhamniis plant was placed in a damp 
chamber, with the rusted oat leaves above it, some of the teliospores 
germinated and produced and discharged the sporidia, or basidio- 
spores. The sporidia fell on the leaves,* where some of them germi- 
nated and entered the host, forming hyphao of several cells within the 
epidermal cells. The steps in this last process have been studied. 

The sporidium is a small, thin-walled, short-lived spore containing 
a single nucleus and cytoplasm with scant food supply. In the presence 
of moisture it germinates promptly, forming a short, broad process at 
one end (pi. 1, A, a)^ or a narrower beak (pi. 1, B, a), or, more rarely, 
a short germ tube almost equaling in length the diameter ()f the spore. 
The tip of this beak becomes closely applied to the epidermal wall, 
and entry is effected at that point. By the time entry has begun, the 
sporidiarnucleus has usually divided into two. (PI. 1, C, 6, c; I), u, ft.) 

In the uredinial generation the spore produces a long germ tube, 
often many times the diameter of the spore in length, which grows to 
the nearest stoma and enters through the stomata! aperture. That 
method of entry is not feasible here. No stomata have been observed 
on the upper surface of Rhamnus leaves, where at least 99 per cent of 
the entries take place. The fungus enters directly through the thick 
outer epidermal wall. The means by which this wall is perforated, 
whether chemical or mechanical or a combination of the two, has not 
been determined. The opening in the wall is large enough to be 
visible under the microscope. (PI. 1, C, d; D, c; E, ft; K, a; pi. 2, 
A, a; B, ft.) 

The entering cytoplasm forms a rounded mass within the epidermal 
cell (pi. 1, C, e), which soon expands into a club-shaped body extend- 
ing toward the inner face of the cell. (PI. 1, I), /.) This curves so 
that the distal end lies free in the center of the epidermal cell. (PI. 1 , 
F, a.) In this case the empty collapsed sporidial wall (pi. 1, E, a) 

< For Iho SHke of uniformity and claarneas, the drawings are oriented in the plates as the tissues are in 
the leaf, i. e., with the tissues nearest the iipfier surface of the loaf uppenriost in the drawing. 


EXPLANATORY LKOENl) FOR PLATE 2 

A.— ^I'wo-day Infection; a, Entrance pore; 6, o-coll primary hypha. X 1,130. 

R. -Two-day Infection: b, Entrance I^ore in sporidial wall; a, 4-cell primary liypha w'ith one branch (c). 
X 1,130. 

C, — Three-day infection (outlines only): a and 6, 3-oell primary hypha with two branches (c, d). X 1,130. 

I),' “Three-day infection (outlines only): b, Primarj'^ hypha with branches O?, c, i) Ri^’inK rise to sub- 
opidermal hyphao (d, h), a hypha (g) growing down between palisade tells, and haustoria (e,f). X 1,020. 

E. — Three-day infection (outlines only): a, Subepiderrcal hyphae; b, 2-coll haiistorium; c, 3-coll haiis- 

toHiim; d, 1-coll hnustorium. X 1,020. , , , . , . , r , 

F. — Four-day infection from an entrance through the low’or epidermis of loaf. Tlyphae grow ing freely in 
air spaces, x 1,020. 

< t .—Uetail of 4-day infection; o, Hypha forcing a passage lietweon iialisatie cells. X 1,020. 
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and the entrance tube (pi. 1, E, 6) were found in the next section. 
Similar examples are shown in Plat© 1, G, H, and I. 

The transferred protoplasm of the sporidium is now an elongated, 
often sausage-shaped mass in the intenor of the host cell. It is still 
unicellular and binucleate. As entry progresses, the delicate sporidial 
wall outside collapses irregularly. The host nucleus, normally lying 
against the inner wall of the epidermal cell (pi. 1, C,/; D, e; F, c), is 
now commonly in contact with the fungus (pi. 1, D, d; F, b; H, b; 
K, c). 

A septum may now divide the young primary hypha into two colls, 
or there may be another nuclear division before septation. In Plate 
1, J, the cell (6) contains three nuclei. Plate 1, K, shows a 3-cell 
hypha formed from such a trinucleate cell. The fungus is overstained , 
so that the details of the contents are vague, but the septa (pi. 1, 
K, dy e) are unmistakable. 

The primary hypha usually develops further by apical growth, 
becoming 4-cell, 5-cell, or even 6-cell, and irregularly bent or coiled 
within the host cell. In Plate 2, A, the primary hypha has five cells, 
and from the truncated appearance of the tip (6) at least one other 
cell was lost in sectioning. 

DEVELOPMENT OP MYCELIUM 

On the second day, the prima:^ hypha branches, and the subepi- 
dermal region may lie invaded. Witn few exceptions each cell of the 
primary hypha branches in turn, beginning with the oldest. In 
Plate 2, B,*only the first cell has branched (c). In Plate 2, C (drawn 
in outline only), the first and second cells have branched (c, d). In 
Plate 2, D (outlines only), branches from the first, second, and third 
cells have formed at c, and a, respectively. Usually these branches 
of the primary hypha grow directly toward the inner wall of the 
epidermal cell and^push through into the siibepidermal area. More 
rarely, a branch may enter the next epidermal cell (pi. 1 , K,/) or even 
emerge upon the outer surface of the leaf. 

In entering the subepidermal region, the fungus encounters mechan- 
ical obstruction. The palisade layer of the Rhamnus leaf is very 
compact and is closely applied to the epidermis. Intercellular spaces 
arc few and small. Plate 2, D, already referred to, shows (outlines 
only) a central section through a 3-day infection. Two branches of 
the primary hypha (c, i) have passed through the inner wall of the 
epidermal cell and formed the intercellular hyphae (rf, h) by separating 
the host cells and growing between them. 

Whether this splitting of host-cell walls is achieved by mechanical 
or chemical means is not clear, but it is probably the former. There 


EXPLANATORY LEGEND FOR PLATE 3 

.^-"Median section of 4-fiay infection: a to^ Subepldm^al mycelium; c, primary hypha; b, d, hyphae 
■hinR . " ” ' ’ ' 


joilmar spaces below {g, n). x 640. 

B. — Detail of 4-day infection: a, Flat view of wedge-shaped hypha forcing passage between palisade colls. 
XL020. 

C. -~Central section of o-day infection: a to i, Subepidermal mycelium; /, g, A, and i, remnant of primary 
hypha; a, 6, d, j, and k, hyphae between palisade cells; m and n, hyphae in air spaces below palisade; c, e, 
and 0 , haustoria. X 7;10. 

D. —Detail from 4-day Infection: a, Hsustmiuin initial; 6, entrance to host cell; c to d, branchless bent 
haastoriura. X 1,020. 

^E.^netail from 7-day infection: a, Uaustorium initial; 6, entrance; e, dichotomoiisly forked haustorium. 

F.— Detail from 4-day infection: Cytoplasm visibly continuous at b, between haustorium InititU (a) and 
hausfariam. XI, 020 . 

. Detail from 4-day infection showing dichotomously forked haustorium in mosophy]] cell. X 1,020. 
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PLATE 3 



FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE 
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Plate 4 



for explanatory legend see opposite page 
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is no evidence of swelling and softening of the middle lamellae of the 
walls such as one would expect if they were being dissolved. More- 
over, the advancing tip of the hypha often forms a flattened, sharp- 
edged wedge, well fitted for forcing a passageway. The edge view of 
such a hypha is seen in Plate 2, D, at Plate 2, G, at a; and Rate 3, C, 
at a, 6, and k. The appearance in flat view is shown in Plate 3, B, at a. 

The initial intercellular gi*owth of the rust is between the epidermal 
and the palisade layers. In order to reach the more open spongy 
mesophyll of the leaf, the fungus must either grow down through the 
palisade cells or force a passage between them. In Plate 2, D, both 
methods are being essayed. At is a hypha making its way down 
between two palisade cells. At e and / are intracellular growths 
intermediate in character between haustoria and hyphae. These 
may be 1 , 2, or 3 cells in length. (PI. 2, D, e,/; E, 6, c, d.) Although 
they arc like hyphae in appearance, they are probably to be regarded 
as haustona. No case of successful passage through a palisade cell 
into the air spaces beneath has been noted. 

Rarely, a sporidium enters through the lower epidermis of the leaf. 
In this case the mycelium reaches spongy mesophyll at once (pi. 2, F) 
and spreads freely through the aii* spaces. 

A slightly later stage of development is shown in Plate 3, A. From 
the primary hypha (c), now more or less disintegrated, subepidermal 
hyphae have formed and spread from a to/. Branches from those 
are working their way down between palisacfe cells at 6, c/, and e, and 
at two points {g, k) have reached the freedom of larger air spaces. 

The tendency to spread just beneath the epidermis pemsts as 
development continues. Plate 3, C, shows a central section through 
a G-day infection. This material was fixed early in the season when 
the fungus grew slowly. Later in the spring a 6-day infection would 
be forming spermogonia. The primary hypha (pi. 3, C, h) is still 
recognizable. At/ and i are points of entry into subepidermal spaces. 
There is now a continuous mat of subepidermal hyphae, from a to 
/, still only one cell thick for the most part, but in places thicker 
(jj ky /). There are several hyphae working down between palisade 
cells (a, by d, f k) and a few deeper in the leaf (m, 7t). The cells of the 
inyceiium are regularly uninucleate. 

Not all the haustoria formed in palisade cells are hyphalike. Plate 
3, D, shows one of quite a different type. The haustoriiim initial (a) 
effected an entry into the host cell at 6, and the haustoriiim has grown 
down to d and doubled back to c. It is a single unbranched cell, with 
the uneven diameter and irregular outline common to haustoria. 
Some of the haustoria fork dichotomously at the inner end. Cases of 
repeated dichotomy are figured in Plate 3, E and G. A distinguishing 
trait of gametophy tic haustoria of crown rust is the ])resence of cyto- 
plasm (but no nucleus) in the haustoriiim initial after the haustoriiim 
is fully formed. (PI. 3, D, a; E, a; F, a.) Another difference is the 
comparatively large pore formed in the host cell wall at the point of 
entry. (PI. 3, D, 6; E, 6; F, b,) The cytoplasm of haustorium and 
haustoriiim initial may be visibly continuous. 


EXPLANATORY LEGENU FOR PLATE 4 

A. — Transverse section of leaf through center of 6-day Infection: o and e, Subepidermal stroma; 6 and e, 


5 .— Sl&htly later stage (6-day infection^ with spermogonia started at a and b. 

C.— Slx-4ay Infection: Young spermogonia organised at b and d: looser broken hyphae between, at a and c. 
(All X 640.) 
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Several cases have beenioiind in which two or even three contiguous 
epidermal cells contained primary hyphae. The mycelia developing 
from these became intimately interwoven. While, on the basis of 
heterothallism, some of these double infections may be both ( + ) or 
both (-), it is unlikely that all of them are. In the cases of treble 
infection, the chances that all three are of the same sex are still 
further reduced. Yet a careful survey of these multiple infections 
shows regularly uninucleate cells. There is no apparent attraction 
between ( + ) and (~) elements at this stage. 

SPERMOGONIA AND RECEPTIVE HYPHAE 

The mycelium grows rapidly, permeating the intercellular spaces 
of the spongy mesophyll (pi. 4, A,/) and pushing out farther between 
the epidermis and the palisade (pi. 4, A, a, e). The dominant 
growth is still just beneath the epidermis. The subepidermal mat, 
or stroma, has spread marginally and tliickened at the center. In 
spots it is now four or five cells thick (pi. 4, A, i, «), and although there 
is no recognizable organization of the hyphae here, it is at such }>oints 
as these that the spermogonia originate. Throughout the area of the 
mat the epidermis has been separated from the palisade and is being 
lifted by the growing fungus beneath it. 

At this time several centers of development appear in the stroma, 
in each of which a small circular patch of cells pushes up a dense 
growth of short, upright hyphae, slanted somewhat toward the center 
of the patch. Plate 4, B, a to 6, represents such a center. This is 
the beginning of a spermogonium. 

A somewhat later stage in the development of the spermogonium 
(also from a 6-day infection) is shown in Plate 4, C. The upright 
hyphae have now converged upon the common point b. At d is 
the edge of the next spermogonium. The growth of the fungus 
between spermogonia has not kept pace with this, so there are open 
spaces between the hyphae at a and c. 

Soon after this the different kinds of cells within the spermogonium 
become differentiated. In Plate 5, A, the slender, tapering hyphae 
just beneath the epidermis and nearly parallel to it at a and d will 
become the paraphyses. The heavy central upright hyphae at 6, 
with coarsely alveolar cytoplasm and blunt tips pressed" against the 
epidermis, are the buffer cells, whose main function is to lift the epi- 
dermis and withstand its pressure. Growing in between the buffer 
cells at the base are slender pointed cells at c and e. These are the 
first of the spermatiophores. 

The epidermis above the spermogonium is strained, and its cells 
are somewhat flattened. The lifting of the epidermis at the spermo- 
gonia also raises it, to a lesser extent, between them. Tne few 
hyphae of the subepidermal mat between the spermogonia (pi. 5, 
A,/) are often displaced and broken by the lifting of the epidermis. 

explanatory LE(JKND eok plate 6 

A .—spermogonium from 6-day infection; a and rf, Young paraphyfjes; ft, buffer cells; c and r, snonnatio- 
phores; broken, dying hyphae. X640. 

^n^Six-day infection; spermogonium Just opening: 6 and c, Paraphyses; a and/, buffer cells; <r, spermatia. 

C.— Seven-day infection: Tuft of paraphyses extruded from ostiole of spermogonium. X 640. 

p.-HHemidiaMammatic drawing of median section of P.-day infection: a to g, Subepidermal weft between 
palisade and epidermis, bearing spermogonia at a, 6, c, </, r, /, and g; smaller stroma and sperm(?goniuin (h) 
at lower epidermis. X 116. 
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The spermatiophores (pi. 5, B) now increase rapidly in numbers. 
Cells along the base and sides of the spermogonium branch and grow 
in toward the center. The interpolation of new spermatiophores 
among the old enlarges the spermogonium and rounds it out at base 
and sides. As it arches outward a central cavity forms (pi. 5, B, e) 
and into this the spermatiophores set free the spermatia. The buffer 
cells, which earlier formed the central columns, braced against the 
epidermis (pi. 5, A, b), are now separated from each other by the 
spermatiophores (pi. 5, B, a,/) and can be seen here and there jutting 
into the central cavity. The paraphyses in the meantime have 
converged and turned outward (pi. 5, B, 6, c), breaking through the 
epidermis and forming the ostiolc. These paraphyses (pi. 5, C) 
elongate into a brush of straight tapering hyphae. So far as noted, 
the extruded part of a paraphysis is nonsepta te and contains one 
nucleus or, more commonly, two nuclei. 

Some idea of the appearance of the* infection as a whole at this 
stage may be obtained from the diagram of a central section through 
a well-developed 6-day infection in Plate 5, D. There are spermo- 
gonia at different stages of development on the stroma at a, b, c, c?, 
f j /, and g. The areas beneath the epidermis between spermogonia 
appear almost empty. The few hyphae of the subepidermal stroma 
between the spermogonia are broken, and often dead and ‘nearly 
transparent, A little later, however, this space is filled in by a 
secondary growth of hyphae. 

Usually a similar but smaller stroma, which bears a few spermo- 
gonia, forms at the lower surface of the leaf. Plate 5, D, A, show^s the 
beginning of such a stroma. A count of 100 spermogonia in 6-day 
infections shows that 73 open upon the up])er surface of the leaf and 
27 on the lower. A similar count in 10-day infections gives 77 on the 
upper surface and 23 on the low^er. 

Spermogonia and receptive hyphae usually develop at the same 
time. In Plate 4, A, already referred to, spermogonia are forming 
at b and c, and l eceptive hyphae are pushing out between the cells of 
the upper epidermis at c and d. In Plate 6, A, two hyphae (a, b) have 
split the epidcj-rnal walls apart for two-thirds of the distance to the 
leaf surface. In Plate 6, E, the hypha (a) has reached the surface, 
and its tip is flattened against the cuticle of the leaf. 

The first receptive hyphae antedate the aecia by several days and 
may even antedate the spermogonia, as in Plate 6, B and C. In 


EXPLANATORY LEOEND FOR PLATE 6 

A. — Uetail of f>-d»y infection; a and 6, Two hyphae pusliing up between cells of the upper epidorinis. ‘ 

B. — Six-day infection: a, Ilypha grown out between epidermal cells and on a sliort distance beneath 
the cuticle; b, subepidermal mycelium. 

C. — Six-day infection: o, IXypha grown out between ceUs of the upper epidermis, with three divergent 
branches; b. subepidermal mycehum. 

D .--Six-day infection : a to c, Detal 1 of upper epidermis; 6, h ypliae growing toward surface of leaf. 

E. —Uetail of fi-day infection: o, Intercellular receptive hypha; c, haustorium; e, young spermogonium 
from which an intracellular hypha (6) grew up and gave rise to the subcuticular hypha d; f, cross section of 
subcuticular hypha. 

F. — Six-day infection: a, Subcuticular growth from which a haustorium is forming at b; c, young spermo- 
gonium beneath the epidermis. 

<1.— Detail of upper epidermis in 6-day infe<5tion: b, Subcuticular hypha, from which a haustorium has 
formed at a. 

H. — Detail of 7-day infection: a, Hynhae between cells of the lower epidermis. 

I. ~ Detail of 7-<lay infection: a, Hypha wedged into the inner angle of a shut stoma. 

J. — Detail of 7-day infection: a, Hypha wedged into the inner angle of a shut stoma. 

K. — Detail of 7-day infection: o, Paraphyses; b, membrane; c, broad-top emergent hypha in stoma (cut 
obliquely) adjoining a half-grown spermogonium. 

L. — Detail of 7-day infection: a and c. Dead cells of lower epidermis; b, hyx>hae crowding down against 
lower ep^idermis. 

,M.— Eight-day infection: a, Intracellular receptive hyjiha at the lower epidermis. (All X 640.) 
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Plate 6, B, a hypha (a) has grown up between the epidermal cells and 
after reaching the outer epidermal wall has grown farther, parallel to 
the leaf surface, underneath the cuticle. These hyphae seem to be un- 
able either to pierce the cuticle mechanically or to dissolve it chemically 
but are able to effect a separation between the cuticle and the inner 
layers of the ep^ermal wall and to grow for considerable distances 
beneath the cuticle. Sometimes a hypha emerging upon the surface 

S *ves rise to a single subcuticular hypha, sometimes to several. In 
[ate 6, C, the hypha at a is forming three young branches, which 
have started off in different directions under tne cuticle. 

The infection from which Plate 6, B and C, were drawn is small. It 
is in a slightly earlier stage of development than the one shown in 
Plate 4, A. The subepidermal mat of hyphae is still thin (pi. 6, B, 5; 
C, 6) and without signs of spermogonia. The mycelium has not 
yet reached the lower epidermis of the leaf, and it will be several days 
before the first aecium is initiated. There is no possibility here that 
these emergent hyphae originated in an aecial primordium. 

Emergent hyphae usually grow up between epidermal cells, but 
there is some evidence that they can also push up through the host 
cell. In Plate 6, D, is a case open to two interpretations. It may be 
that the hyphae at b are seen in flat view as they push up between 
epidermal walls lying in the plane of the section. It is also possible 
that they are growing up intracellularly. Certainly the host cell (6) 
has lost turmoity, for the side walls of the adjoining epidermal cells 
(rt, c) are buldng into it. 

In Plate 6, E, the evidence is clearer. The hypha (6) grew straight 
up through the epidermal cell and then grew on as a subcuticular 
hypha {d). The habit of growth of the receptive hypha (6) is in 
marked contrast to that of the haustorium (c) alongside it. Sub- 
cuticular hyphae grow in a cramped space and are more or less flat- 
tened by pressure, as may be seen from the cross section of such a 
hypha. (PI. 6, E, f.f In this instance receptive hyphae and sper- 
mogonia are closely associated, for there is a young spermogonium 
below the epidennis at e. 

These subcuticular hyphae, like the mycelium producing them, are 
septate and haploid. Also, like the mycelium below, they have not 
lost the ability to produce haustoria. When a hypha has grown 
subcuticularly for some distance, its growing tip is remote from the 
base of supplies. At 6, in Plate 6, F, a young haustorium is forming 
from an outer hypha and in Plate 6, G, at a, is a full-grown haustorium, 
which entered from the outer face of the epidermal cell. So far as 
appearances go, these subcuticular hyphae differ from vegetative 
hyphae only in their location. 

When the spermogonia are young and the subepidermal mycelium is 
vigorous, emergent hyphae with subcuticular extensions are fo^ed in 
abundance. A little later, as the spermogonia mature, lifting the 
upper epidermis as they grow, the subepidermal hyphae between 
spermogonia become broken and almost disappear. * If the connec- 
tions to the surface hyphae are broken they, too, shrivel and disappear. 
This subepidermal space is soon filled in by a secondary gi’owth of myce- 
lium, however, and new emergent hyphae form similar to the first lot. 

Meanwhile, the vegetative mycelium of the young growing infection 
is spreading in all directions and soon reaches the lower epidermis of 
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the host leaf. Here a new series of receptive hyphae is formed, some 
pushing into stomatal apertures (pi. 6, I, J, K), others squeezing be- 
tween epidermal cells (pi. 6, H), and still others growing through an 
epidermal coll (pi. 6, M). 

Plate 6, H, drawn from a 7-day infection, shows a bit of the lower epi- 
dermis between two cells of which, at a, hyphae have grown. One has 
reached the lower surface of the leaf but is still inclosed by the cuticle. 
These receptive hyphae and the mycelium above them are haploid. 

Hyphae are to be found in stomatal apertures but are not nearly 
so abundant as in Puccinia triiicina. In Plate 6, 1 and eT, the stoma is 
closed, but the hyphae above it are definitely aimed at the small 
crack between the guard cells. In Plate 6, K, in which the stoma is 
cut obliquely, the hypha has been thrust through the stomatal 
opening (pi. 6, K, c) and has broadened out at the tip. A sort of thin 
film or membrane (pi. 6, K, h) covers the exposed tip of the hypha. 
This has frequently been observed in stomatal hyphae and may 
represent a substance secreted by the hypha. 

This emergent hypha (pi. 6, K, c) has formed next to a half-grown 
spermogonium, and the hypha itself has grown out of the gmup of 
young paraphyscs (pi. 6, K, a) of the spermogonium. This is of 
fairly frequent occurrence and would seem to indicate that there is 
no potential difference between a paraphysis and a receptivo hypha. 
So far as can be determined, the same hypha can develop into either 
structure. 

In Plate (), L, a minor injury killed two or three epidermal cells (pi. G, 
L, «, c), and no less than five hyphae (pi. G, L, b) have grown down to 
niake contact with the disorganized cells. Perhaps the outer air, filter- 
ing through the dead cells, served as the stimulus inciting this growth. 

In Plate G, M (drawn at higher magnification than the preceding), 
a hypha has grown down through a cell of the lower epidermis and its 
tip has flattened against the outer epidermal wall. There arc two 
small nuclei (pi. 6, M, a) near the tip. Hyphae of this sort also arc 
regarded as receptive hyphae. 

GREENHOUSE DATA ON HETEROTHALLISM 

Although infections of Puccinia coronata may grow faster or slower 
according to local conditions, the general course of development is 
similar in all, up to the maturity of the spermogonia. From then on 
there is a difference. Some of the mycelia produce fertile aecia. 
Others remain sterile, i. e., produce no aeciospores. 

An attempt was made to determine whether this difference is due 
to heterothallism. Infections are classified as single (not in contact 
with others), double (two growing in contact), and multiple (several 
infections confluent). In a heterothallic rust with two sexual strains, 
if the infections are left undisturbed and spermatia are not trans- 
ferred from one infection to another by outside agencies, it would be 
expected that all the single infections and 50 per cent of the double 
infections would remain sterile, while the other 50 per cent of the dou- 
ble and nearly all the multiple infections would produce aeciospores. 

In a preliminary test, a much higher percentage of the infections 
developed aecia than would be expected. The inoculated plants 
were covered with tarlatan cages, but it was discovered that minute 
yellow insects not excluded by the cages were going from one infec- 
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tion to another, feeding on the spermogonial exudate and incidentally 
transferring spermatia from one mfection to another. As a result, out 
of 248 single infections, 37 per cent had developed open aecia by the 
twentieth day after inoculation, 71 per cent by the tmrtieth day, and 
83 per cent a week or so later. All the multiples bore open aecia by 
the twentieth day. The effectiveness of insect transfer, at least, is 
amply demonstrated. 

In a second experiment some of the inoculated plants bore only one 
infection, and from others all but one were removed. These plants 
were carefully isolated. The results are tabulated separately. 
(Table 1.) Nearly all the material was fixed between the thirtieth 
and the fiftieth day. Comparatively little of it reached the age of 
50 days. 

Tablis 1. — Percentage of infections of Puccinia coronaia with open aeda at different 

ages 


(1930 material] 





Infections of indicated age 




Infec- 

tions 

with 

open 

aecia 

ox- 

j)ected 

Group 


20 days 



30 days 


30 to 60 days j 

Total 

With open 
aecia 

Total 

With oi)en 
aecia 

Total 

With open ' 
accia 

Singles.— One infec- 

Numbtr 

Number 

Per cent\ 

1 

Number 

Per cent 

Number 

Number 

Per cent 

Per cent 

tion on a plant .. . 
Singles.— Several in- 

8 

0 

0 

8 

1 

12 

8 

1 

12 

0 

fections on a plant 

70 

8 

10 

« 6.6 

36 

26 

63 

18 

20 

0 

Doubles 

G 

3 

60 1 


3 

GO 

6 

3 

GO 

60 

Multiples 

3 

1 

33 

3 

3 

100 

3 

3 

100 

(0 


2 .sterile infections died, and .several others* were fixed. 
*• 1 fertile infection was fixed. 

« Nearly all. 


There is evidence here of heterothallism. Eight of the Rhamnus 
plants bore one infection each. Of these eight infections, only one 
developed aecia, and it may be that, in spite of all attempts to isolate 
it, accidental fertilization occurred here. Where several singles oc- 
curred on one plant the chances that spermatia might be transferred 
by insects are porportionally increased, and this is reflected in the 
ratios. The number of doubles and multiples recorded in Table 1 is 
too small to be significant, but the evidence, so far as it goes, supports 
the assumption that Puccinin coronata is heterothallic. 

On a plant bearing six infections well separated from one another, 
the spermatia were thoroughly mixed on the seventh day. Five of 


EXPLANATOltY LEQEND FOR PLATE 7 

A. — Portion of unfertilized aecium from 30-day Infection showing the growth of hyphac to the stoma at 
a. X 640. 

B. —Portion of unfertilized aecitun from 10-day infection showing longitudinal .section of stoma at a, and 
the hyphae above centered upon it. X 640. 

C. — Detail from 8-day unfertilized infection: a, Probably remnant of subcuticular growth; b, decadent 
intracellular hyi)ha from subepidermal hypha (c) . XI ,020. 

D .—Bit of upjier epidermis of 8-day sterile infection near spermogonium: o, Heavily insheathed remnant 
of a haustorium; c, subepidermal hypha that grew through the epidermal cell (6) and on to form a hypha (d) ; 
e, spermatium. X 1,020. 

£.— Young sterile accium: <z, Upper half, of small dense colls: 6, lower half, of larger cells; c, dead host 
cell. X 640. 

F.— Eight-day sterile infection: c, Stoma filled with receptive hyphae from vegetative mycelium (6). 
XMO. 

O.— Beginning of aocium in 8-day infection: a, Young receptive hypha at stoma. X 640. 

K— Portion of spermogonium at lower surface of leaf in 8-day sterile Infection: Paraphysos (c) and 
receptive hyphae in stoma (5) have grown from the margin of spermogonium at c. X 640. 
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the six infections produced fertile aecia. This fact, combined with 
the fact that seven out of eight of the best isolated infections bore 
no aeciospores, affords strong evidence that spermatia of Puccinia 
cororiata function in initiating the sporophyte generation. The re- 
sults as a whole show clearly the agency of insects in transferring the 
spermatia. 

THE UNFERTILIZED INFECTION 

In the isolated infection the vegetative mycelium, so far as noted, 
is composed of uninucleate cells. Aecia form regularly, develop up 
to a certain stage, and then deteriorate. 

The sterile aecium (pi. 7, G, drawn from an 8-day infection) be- 
gins as a small cluster of hyphae in the large intercellular spaces of 
the spongy rnesophyl] near the lower epidermis. At first it is distin- 
guishable from the general mycelium only by the closer grouping 
and denser contents of the hyphae. In Puccinia coronata the aecial 
primordium is not necessarily initiated about the base of a receptive 
hypha at a stoma. The aecium sometimes comes first and the re- 
ceptive hyphae later. In Plate 7, G, the aecium is well begun, but the 
only indication of receptive hyphae is the young hypha, (a) in the 
inner angle between the two guard cells of a shut stoma. There is no 
fully formed receptive hypha connected with this young aecium. 

Although an aecium may be well started without having any re- 
(’cptive hypha directly connected with it, there is usually an abun- 
dance of hyphae not far away. In the 8-da,y infection from which 
Plate 7, G, is drawn there are stomata filled with hyphae. (PI. 7, F, 
II.) In Plate 7, F, three or four hyphae in turn have forced themselves 
into tlie stoma at a. These receptive hyphae took their origin in ordi- 
nary vegetative hyphae above, at 6. In Plate 7, H, the occupied 
stoma lies close to the ostiole of a spermogonium. The paraphyses at 
a and the receptive hyphae at b have a common origin in cells of the 
side wall of the spermogonium near c. In both cases (pi. 7, F, H) the 
first hyphae to enter the stoma have died, and only the latest en- 
trants are still living. 

By further growth and branching within the area of the young 
aecium, the hyphae form a dense little nest. Cells within the lower 
half of this nest soon begin to expand. An early stage of this differen- 
tiation of the young aecium into upper and lower halves is represented 
in i^late 7, E. At a, the tightly snarled hyi)hae are small and dense 
and closely septate. Lower, at b, the cells are somewhat larger and 
their contents more vacuolate. 

Even at this stage in the development of the aecium (pi. 7, E) 
there may be no surface hyphae directly connected with it. A careful 
examination of the sections from beginning to end of this young 
aecium reveals no receptive hyphae in stomata, between epidermal 
cells, or growing out intracollularly through epidermal cells. The only 
hyphae that could possibly be considered receptive are some that 
have grown down to make contact with a dead, shrunken epidermal 
cell in an adjoining section. 

EXPLANATORY LEGEND FOR PLATE 8 

A. — Median sectiou through aeciiuu of 10-day sterile infection: a io j, Numerous colls, each with two 
or throe nuclei in the upper arch of donsor cells (k, /, o, py, the open space-making layers below (/, m, n, o) 
are uniniicleato. X 040. 

B. —Oells from aecia of a sterile JO-day infection: a to m, Representative multinuclealo cells: n and o, 
typical uninuoloato cells. XL020. 
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It may be that air, entering the leaf from without, whether it 
enters through a dead cell or through a stoma, exerts an attractive 
influence on the fungus. Hyphae will grow to a stoma whether that 
stoma adjoins a spermogonium, ordinary mycelium, or an aecium. 
Plate 7, A and B, show nyphae growing to stomata adjoining sterile 
aecia. In Plate 7, A, a, the stoma is shown in cross section, and in B, 
at a, the stoma is cut longitudinally. In neither is the stoma opposite 
the center of the aecium. In both, hyphae have grown in from all 
directions toward the stomatal aperture but have not actually 
entered it. 

Reference was made earlier (pi. 6, E, M) to intracellular hyphae 
that push out through an epidermal cell and sometimes pierce the 
outer epidermal wall and grow on subcuticularly. When they fail 
to make contact with spermatia, these receptive hyphae, like those 
in the stomata, soon die. In Plate 7, C, the subepidermal hypha (c) 
gave rise to the intracellular hypha (6), which grew through the 
epidermal coll to its outer wall. At a is a minute object which may be 
the dried remnant of a former subcuticular hypha. The intracellular 
growth is dead. Plate 7, D, shows the dead intracellular hypha (b) 
coming from the mycelial hypha (c). This epidermal cell lies at the 
edge of a spermogonium, and the hypha (6) issued into an adjoining 
crushed, empty epidermal cell at d. At a is a dead and heavily in- 
sheathed structure, apparently the remnant of a haustorium entering 
the cell from earlier subcuticular growth. 

As the haploid mycelium spreads through the host leaf, new aecia 
form in succession in the younger marginal growth. A section 
through the center of a well-grown, lO-day, unfertilized infection 
shows all stages in the development of aecia from the early stages in 
the margin to full-grown and degenerating sterile aecia in the center. 
The young haploid aecium shown in Plate 7, E, is found near the edge 
of such an infection; the larger sterile aecium shown in Plate 8, A, 
occurs farther in; while at the center of the same infection are full- 
grown aecia showing degenerative changes characteristic of older 
aecia when fertilization fails to take place. No indication of fertiliza- 
tion was noted at any point in the infection. 

In the aecium shown in Plate 8, A, referred to above, the difl'erentia- 
tion into upper and lower areas is completed. The lower area of 
vacuolated cells in the aecium has expanded into the shape of a very 
thick, biconvex lens. (PI. 8, A, l-tn,) The cells of this looser or 
“space-making’’ tissue (pi. 8, A) are no longer increasing in number 
but are elongating radially, presenting in section a fan-shaped arrange- 
ment centered at n. These cells are still uninucleate and loosely 
spaced; many are empty and quite transparent. The area of denser 
cells (pi. 8, A, k, If OjP) that caps the space-making tissue is composed 
of five or six layers of short, thick, often quite irregular cells. The 
majority are umnucleate, but in the central region (pi. 8, A, a~j) there 
are a number of cells containing two or three nuclei. As stated above, 
this aecium is quite certainly unfertilized, for all the older aecia of the 
same infection (Table 2, 10-day) show marked evidence of degenera- 
tion, yet it contains several dozen binucleate or trinucleate cells. 

Ordinarily, from the tenth day on, multinucleate cells are regu- 
larly present in steitie aecia. It has been assumed hitherto that the 
presimce in an aecium of cells containing more than one nucleus 
means sporophytic growth which will lead to spore formation. The 
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finding of multinucleate cells in nearly 100 per cent of the older sterile 
aecia of Puccinia coronata is a point of theoretic interest, and a de- 
tailed study has been made of these sterile infections of different 
ages. 

The question arises as to the mode of origin of these biniicleate and 
trinucleate cells. Some of them (pi. 8, A, e^f, h) are highly irregular 
in form. Their unexpected angles, clefts, and branches may be the 
result of either the fusion of two or more colls or the irregular growth 
of one. Others (pi, 8, A, 6, c) are simple in form and give no suggestion 
from their shape that they are the product of recent fusion. 

Plate 8, B, a to m, shows, at high magnification, representative 
multinucleate cells from sterile aecia of this and slightly later stages, 
with a few typical uninucleate cells (ri, o) for comparison. 

No great insight as to the mode of origin is to be gained by a study 
of these cells. In some cases an origin by fusion seems possible, for 
in spite of the growth that the cells may have made since fusion, they 
still suggest by their shape a double origin. Where there is a rela- 
tively narrow isthmus between two parts of a cell (pi. 8, B, a, 6, c, 6, 
/, jf) there is a possibility of origin by fusion. Even here, however, 
there is the alternative possibility of the irregular growth of a single 
cell constrained into irregular forms by the pressure of adjoining cells. 
One point seems clear — it can not be assumed that multinucleate 
colls are the result of multiple fusion. Cells (pi. 8, B, fr, in) that con- 
tain 10 or 12 nuclei more probably have arisen by simple growth and 
nuclear divisions or possibly by a single initial fusion followed by such 
growth. 

Soon after the stage of development represented in Plate 8, A, 
sterile aecia begin to degenerate. Plate 9, A, shows a seinidiagram- 
matic section through a sterile 16-day infection. The leaf is con- 
siderably hyper tro})hied, as may be seen by comparing its thickness 
at the center and at the ends of the drawing; the whole infected area 
is arched upward, making a raised spot on the upper surface of the 
leaf. 

The younger aecia of the series, located either in the fresh young 
marginal growth (pi. 9, A, f/, /) or in a belated development on the 
upper surface (pi. 9, A, gj h) are vigorous in appearance and resemble 
closely the aecium shown in Plate 8, A. The older aecia (pi. 9, A, 
5, c, J, c) are showing signs of degeneration. 

The cells of these older sterile aecia are somewhat impoverished 
and take a diffuse stain, altnough comparatively few of the aecia in 
this case contain dead cells. At this stage eaevn of the larger aecia 
has pushed the lower epidermis outward into a convex curve. (PI. 9, 
A, 6, d.) Later, the sterile aecium shrinks and may even be marked 
by a depression of the surface. 

A summary of the condition of aecia in sterile infections of Puccinia 
coronata of different ages has been made. In this study (Table 2) 
the aecia of each infection are classified as (1) too young to show 
multinucleate cells, (2) containing living multinucleate cells, (3) 
sterile and containing both living and dead multinucleate cells, and 
(4), in a few cases, cells with two to four nuclei and spores. Counts 
were made in infections of different ages and the data tabulated. 
Each horizontal line (Table 2) represents the aecia of one infection. 
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Table 2. — Summary of condition of aeda in sterile infections of Pucainia coronata 

of dijferent ages 

(1928 inatorialj 


Age of 
Infection 
(days) 

Number of aecia showing indicated 
condition « 

Ago of 
infection 
(days) 

Number of aecia showing indicated 
condition « 

Too 

young to 
show 
multi- 
nucleatc 
cells 

Contain- 
ing multi- 
nucleate 
colls 
living 

Contain- 
inir both 
living 
and dead 
multi- 
nucleate 
colls 

Contain- 
ing multi- 
nucleate 
cells and 
spores 

Too 

yount to 
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multi- 
nucleate 
C(*llS 

Contain- 
ing multi- 
nucleate 
cells 
living 
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ing both 
living 
and dead 
multi- 
nucleatu 
colls 
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ing multi- 
nucleate 
ceils and 
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13 
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8 



16 

30 

27 



11 

3 

20 



17 

10 

4 



12 

4 

4 

- -- 


17 

13 

19 

32 


12 

8 




17 

6 

18 

19 


13 

10 

4 


1 

18 

3 

11 

5 

I 

13 

2.3 




18 


11 

4 


13 

I.*) 

10 



23 

1 

20 

18 


13 

16 



1 
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o Leaders indicate that aecia were not found. 


From Table 2 it will be seen that the aecia of a single infection 
present a broad range of development, for during a considerable 
period new aecia keep forming in the fresh marginal growth <)f the 
infection. There is also considerable variation between infections of 
the same age. This is due partly to diflerences in the environment, 
for infections grown late in the spring and thus exposed to higher 
temperatures and stronger light develop faster than do those of early 
spring. The variation may also be due to localized differences within 
the host tissues, for of two infections of the same ago growing side 
by side on the same leaf, one may develop faster than the other. 

In three of the infections included in the study (Table 2) a single 
aecium developed spores. In such cases, when the infection is young 
enough, the sporophyte generation can spread farther. In green- 
house studies, however, it is not rare to find an old decadent infection 
with a single open aecium. This is perhaps explained by the fact 
that the transfer of spermatia by insects has taken place so late that 
only one aecium is still young enough to respond. 

tn general, up to the fifteenth day (Table 2) over half of the aecia 
are too young to have developed m'ultinucleate cells, and where thev 
do occur these multinucleate cells are still living. Beginning with 
infections 16 days old, the proportion of young aecia decreases and 
the proportion with living multmucleate cells increases. In the later 


EXPLANATORY LEGEND FOR PLATE 9 

A. —Diagram of sectiou through a 16>day storilB mfection: a, /, q, and h. Younger aeda; b, r, d, and e, 
older aeda. X45. 

B. — Detail from upper central part of aecium from 23«day sterile infection, showing deteriorating multi- 
nucleate cells. X 640. 

C. — Twenty-throe-day sterile infection: b, Dead multinucleate cells; a and c, living multinucleate cells. 
Xfj40. 

D. — Diagram of sterile aecium of 26‘day infection: a, Dead multinucleate cells; b, denuded leaf surface. 
XH6. 
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history of the sterile infections (Table 2, 18-day to 62-day) there is 
a steady decrease in the number of young aecia and later a decrease 
in the number of those whose multinucleate cells are all living, until 
finally all the aecda are in the third class, i. e., they contain both 
living and dead multinucleate cells. 

A similar study was made of sterile infections in the rust grown in 
1930. Here, as before, multinucleate cells were of regular occurrence 
in older sterile aecia, but in these slower-growing infections the mul- 
tinucleate cells did not appear before the twenty-fifth day after 
inoculation, fully two weeks later than in the Canadian rust used in 
1928. Once formed, however, the multinucleate cells followed the 
same coiu’se of slow growth, nuclear multiplication, and subsequent 
deterioration. A few multinucleate cells were still living in an infec- 
tion 49 days old. 

Plate 9 shows details of these degenerative changes within the 
sterile aecium. A group of multinucleate cells (pi. 9, B) shows the 
beginning of degeneration in a 23-day infection. The number of 
nuclei in a cell varies from two to eight. Degeneration is evidenced 
by the dimness of detail in these cells and a decided tendency to stain 
red with safranine. As the cells around this group are impoverished 
in content and stain very faintly, the contrast between the two is 
sharp and can be seen clearly even with the low power of the Tiiicro- 
scope. 

In this same infection are other aecia in all stages of degeneration. 
In Plate 9, C, nearly all the multinucleate cells are dead and densely 
stained with red. Only two binucleate cells (a, c) are left alive. 

Something of the appearance of the sterile aecium a little later 
(alter 26 days) is shown in Plate 9, D. Both the fungus and its host 
have increased greatly in size. In the upper half of the aecium at a is 
a group of dark-stained dead multinucleate cells. Multinucleate 
(;clls, living or dead, are ordinarily located in the upper central part 
of the aechim (pi. 9, D, u), but in older aecia they are sometimes 
separated into patches and may be erratically placed near the side 
walls of the aecium, or even out in the space-making tissue. It is 
probable that they all originate as figured in the younger aecia 
(pi. 8, A) but become displaced by subsequent localized growth in 
adjoining areas of the aecium. 

Among the dead multinucleate cells are usually a few survivors, 
which may grow further. In Plate 10, A, between the dead or dying 
cells at a and d are several large living multinucdcate cells. One of 
them (c) is irregularly lobed and branched; anotluu’ (6) suggests by 
its shape that it may be a product of fairly recent fusion. In Plate 10, 
B, is another group, also from a 26-day infection. Beside a group of 
dead cells (a) is a nest of living multinucleate cells (6). Some of these 
cells look vigorous, but others (c, d) are dying. 

Sonietimes one of these sterile infections, if very favorably placed, 
may live on for eight or nine weeks. Within its aecia are still to be 
found a few living multinucleate cells. Plate 10, C, shows such cells 
from a 62-day infection. Some are small and contain few nude 


EXPLANATORY LEOENI) FOR PLATE 10 

A. — Multiimcleate cells in aecium of 20«(lay sterile infection: a ami d, Dead or dying cells; b and c, large 
living cells. X640. 

B. ~As in A; a, Dead cells; c and d, dying cells; 6, living cells. X 040. 

C . —Living multinucleate cells {a, b, c, d, e, f) from an aecium in a sterile 62-day infection. X 1 ,020 

D . —Dead spermogonium from a 23-day sterile infection. X 640. 
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(pi. 10, C, c, rf, /), others have grown and branched irregularly 
(pi. 10, C, a, h) and may contain as many as 20 nuclei. The age and 
mode of origin of cells like these are matters of conjecture only. 

The spermogonial exudate in Puccinia coronata is never abundant, 
and the spermogonia for the most part are short lived. The spermo- 
gonia in these sterile infections do not, as in P. graminis, continue to 
function throughout the lifetime of the fungus. They soon die. In 
one 23-day infection no functioning spcrmogonium remains. Plate 
10, D, shows the condition of the spermogonia. It has already been 
noted that the spermogonia form on a continuous cushion or stroma 
beneath the epidermis. Before the sterile infection is very old, some- 
times as early as the fifteenth day, this stroma begins to be sloughed 
off, leaving the palisade of the leaf tissue exposed. The edge of one 
of these denuded areas is shown in Plate 9, D, at 6. 

FERTILIZATION AND THE FERTILE ABCIUM 

A monosporidial infection bears both spermogonia and receptive 
hyphae, but the spermatia borne by an individual apparently can not 
start the sporophyte generation in that same mycelium, for when an 
infection is carefully isolated it remains sterile and produces no 
aeciospores. But when spermatia are transferred to infections of 
opposite sex, the sporophyte generation is initiated and fertile accia 
form. 

When spermatia are transferred either by insects or by laboratoiy 
methods they are applied to the leaf surface (either upper or lower) 
at the infected area. Spermatia scattered along the surface of the epi- 
dermis can enter at any point where the mycelium reaches the surface. 

Plate 11, C, shows, at low magnification, part of a section through 
a 12-day infection. At c is one spcrmogonium and at a a lateral 
section through a second. There are sporophytic cells between the 
two at b; this area is shown enlarged in Plate 11, A. 

In Plate 11, A, a*hypha (c) of the siibepidermal mycelium grew into 
an epidermal cell at and out through the outer vrall to form a 
subcuticular hypha (o). The connection between c and d is found in 
the next section. At a, on the surface of the leaf, are spermatia. At 

where hypha and spermatia meet, there is a break in the cuticle and 
three small dark masses (possibly of spermatial origin) are embedded 
in the end of the hypha. That spermatial nuclei entered the hypha 
and passed down into the inner mycelium seems fairly certain, for 
binucleate cells are seen in the siibepidermal region at/, and h. 
Both the intracellular hypha and the subcuticular hypha are now 
decadent. At i, within the body of the spermogonium, are two 
binucleate cells. It does not seem probable that sporophytic hyphae 
originating outside a mature spermogonium would later grow into it. 


EXPLANATORY LEGEND FOR PLATE ll 

A. — Detail from 0 enlarged: a, Spermatia; b and t, subcuticular hyphae; d, intracellular hypha from 
subepidermal hypha (e); /, A, and i, sporophytic cells. X 640. 

B. —Detail of mycelium of 13-day infection showing two hyphae tangent and fused at the point of tan- 
gency. X 1,020. 

Cj-— Diagram of siibepidermal weft of 12-day infection: o and c, Spermogonia; 6, detail enlarged In A. 

D.— Detail from lower leaf surface of 8-day infection: i and /, Stomatal hyphae; a, 6, c, and r, sporophytic 
•bsrDb&o aI)ov 6« X ft40 

— Seven-day infection: a. Part of spermogonium; 6 and c, young paraphysis giving rise to an intra- 
cellular branch (d) that has grown out through the epidermal cell; the branch contains six nuclei. X l,hSi0. 

F.— ’Portion of tuft of paraphyses of a spermogonium, with adherent spermatia, from l2-day infection; 
« _ *'1 germ tube leading toe ana g; c, second germ tube, 

*• X 1,030, 


JT, — purapiiysee ox a BperuioKoaiuiu, win 
a, Expanded 8iwmatia,&, germinating spermatiuro, with gem 
, leading to /and <; d, decadent paraphysis; h, epidermal cell. 
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It is possible that spermatial nuclei entered at a second point some- 
where within the spermogonial area. 

Plate 1 1 , D, from an 8-day infection, shows another possible method 
of entrance. Here are two adjoining stomata in the lower epidermis, 
one (/) cut across the guard cells, the other (d) parallel to them. In 
both stomata are hyphae filling the stomatal apertoe, and above, at 
a, 6, Cf and e, are binucleate or trinucleate fungus cells. The finding of 
sporophytic cells next to a stoma is not in itself proof that the nuclei 
entered at that stoma, for the sporophytic hjrphae might have grown 
in from some other point. The likelihood is, however, that fusions 
frequently take place at stomata in the lower surface of the leaf. 

Reference was made earlier (pi. 6, M) to the frequent occurrence of 
intracellular hyphae that grow through the epidermal cell to its outer 
wall and stop there, without forming subcuticular growth. The 
example shown in Plate 11, E, suggests that these also may serve to 
admit spermatial nuclei. The present instance occurred at a young 
spermogonium at the lower epidermis of h 7-day infection. A branch 
from a young paraphysis (6, c) grew out intracellularly through an 
epidermal cell and flattened itself against the outer epidermal wall at 
d. No opening can be seen in the host cell wall, but the hypha (d) con- 
tains six minute nuclei, and the paraphysis (c) of which it is a branch 
contains three full-grown nuclei. The inference is that there were sper- 
matia on the lower leaf surface (later washed off during fixation of dehy- 
dration) and that the extremely small spermatial nuclei passed through 
the wall of the epidermal cell into the hypha. The trinucleate cell 
at a in the interior of the spermogonium remains unexplained. 

It is with some hesitation that Plate 11, F, is added to the list of 
possible modes of entrance, for it differs markedly from the rest. It 
shows part of the brush of paraphyses of a spermogonium from a 12- 
day infection. At h is an epidermal cell of the leaf, and from a tog the 
extruded part of a group of paraphyses with the adherent exudate. 
Some of the spermatia (perhaps introduced spermatia) have expanded, 
rounding out from their original capsule shape to a sphere (a). One 
of these swollen spermatia at h has pushed out a fine germ tube, prob- 
ably utilizing the sirup of the exudate as food, and the tube has grown 
down along the surface of a paraphysis to e, and on to g, where it passes 
behind other cells. At e is a similar germ tube, the upper end of which 
was removed in sectioning. It can be traced from c down to / and on 
to i (inside the host plant), beneath the epidermal cell. It contains a 
nucleus at the growing tip at i. At d there is a coarser structure, 

EXPLANATORY' LEOENl) FOR PLATE 12 

A,— Portion of subepidermal weft of 12«day infection; a, Spermatia on upper epidermis (b); c, e, i, i, 
and k, sporophytic cells in the mycelial weft; d, f, and h, remnants of earlier nyphae; g, trinucleate hypha 
between palisade cells. X 1.020. 

R.-— Twelve-day infection: a, Spermatia on epidermis (6) at outer margin of subepidermal space (c) ; 
d, U and g, successive cells of hypha with 2, 3, and 2 nuclei, respectively: f , palisade. X 1.020. 

('.“-Thirteen-day infection; a, ft, c, e, and /, Sporophytic mycelium in air spaces of mosophyll above 
ao(;ium; d, binucleate cell in aecium. X 1,020. 

U.—Siwrophytic hypha, with 2-1-3 nuclei in swreessive cells, from 13-day infection. X 1,020. 
^E.^j^ypha, from sporogenous area of aecium of 13-day infection, with 2-2-3 nuclei in successive cells. 

F!~Mycelial cell of 13-day infection, with two large and two small nuclei; a, cell with large and small 
nucelei. X 1,020. 

U.—Detail of 13-day infection; ft, Hypha between epidermal cells and intracellular branch (c); a, continu- 
ation of same hypha above, with four nuclei in one cell. X 640. 

H. ~— Thirteen-day infection: a, ft, c, d, and e, Hypha found between palisade cells; the successive cells 
have A, 0, and 3 nuclei, respectively. X 1,020. 

I. — Fusion cell from sporogenous wea of aecium of 13-day infection. X 1,020. 

J. — Multlnucleate cells from aecium containing fusion cell shown in 1. X 1,020. 
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probably an abnormal or decadent paraphysis. These germ tubes 
are extremely minute (one-third to one-hM the diameter of a paraph- 
ysis), and only when they are sharply stained can they be seen at 
all. In safranine and in methylene blue the paraphyses tend to stain 
pink and the germ tubes blue. Of course it is possible that these are 
minute spores of some other fungus that alighted accidentally on 
spermogonial exudate and started to grow there, but no other evidence 
of secondary fungi has been seen. Moreover, the enlarged spermatia 
at a are evidence against that theory. If when introdxiced spermatia 
adhere to paraphyses (as must frequently happen) they can grow down 
through the ostiole and combine there with native hyphae, it would 
go far to explain the rather frequent occurrence (pi. 11, A, E, a) of 
binucleate or trinucleate colls in the body of the spermogonium and 
along its walls. 

Plate 11, B, shows still another possibility. When two infections of 
opposite sex are located close together in the leaf and become con- 
fluent as they ^row, open aocia are formed on both infections. In 
such cases the diploid growth may start by means of the two kinds of 
spermatia on the leaf surface, and probably does so. Plate 11, B, 
suggests that the sporophyte generation may also originate within the 
leaf by hyphal fusions. The two hyphae (pi. 11, B) are tangent; at 
the point of contact there is an open passageway from one to the other, 
and the nuclei of the two cells are in contact. The infection is a 
little too old (13 days) for a determination of its multisporidial origin 
by means of the primary hyphae, for the latter have so far degenm*ated 
that they can not be distinguished with certainty from haustoria and 
intracellular receptive hyphae, which also occur in epidermal cells. 
The grouping of the spermogonia, however, strongly suggests two 
centers of growth, and the probability is that two infections over- 
lapped here. 

A branched hypha (pi. 15, A, a), found beside a young aecium in 
another infection, is doubtful ; but it, too, is at least open to interpreta- 
tion as a hyphal fusion. 

By whatever method the sporophyte starts, it soon spreads from 
the point or points of origin ; and occasional hyphae with cells of more 
than one nucleus are found scattered among the haploid hyphae. 

As previously stated, when spermogonia in the young infection form 
on the subepidermal mat of hyphae, they lift the epidermis well above 
the palisade, leaving an open space in the leaf in the intervals between 
spermogonia. The hyphae of this open space are often stretched and 
broken m this process and usually die. (PI. 5, B and D.) This space, 
however, soon fills with secondly growth. 

Since the sporophyte generation may start at various points along 
either the upper or lower epidermis, it naturally spreads from those 
points in the comparatively open spaces of the subepidermal weft of 
mycelium. Plate 12, A, shows a portion of this subepidermal growth. 


EXPLANATORY LEGEND FOR PLATE 13 

A. —Aeciuin of uninucleate cells: a and c, upper part, of denser cells: d, lower part, of lar^e vacuolated 
cells; b and/, extremities of hypha extending through both areas; e, dead host cell; g, marks location of 
Plate 13, 0. X 640. 

B. —Beginning of fertile aecium in 8-day infection: a, b, e, d, e, and /, Sporophytic cells. X 640. 

0.— Detail from section adjoining A, at g: a, and/, Sporophytic mycelial cells; c, edge of aecium. 
X 640. 

D.— Portion of subepidermal weft above lower epidermis from 23-day infection: a, 6, c, d, e, and/, Sporo- 
phytic cells. X640. 

£.— Two multinucleate mycelial cells (a, 6) thickened like aeclal cells. X 1,020. 
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Above the epidermis (6) is a group of sperm atia at a. Below, at 
is the palisade layer of the leaf. Between epidermis and palisade is a 
broad space filled with a fresh growth of vigorous young hyphae, at 
least a third of which are diploid. In the interstices of this mat 
(rf,/, h) are dead remnants of earlier hyphae. 

Fresh hyphae grow down from the subepidermal weft, passing 
between the palisade cells and out into the air spaces of the spongy 
rnesophyll beneath. The majority of these hyphae are composed of 
uninucleate cells. At Plate 12, A, however, is a trinucleate cell 
issuing from the weft. In Plate 12, B, a detail drawn from the thin 
marginal growth of another subepidermal mat, is a sporophytic hypha 
growing down from rf, just beneath the epidermis, to g, in an air space 
below the palisade. There are dried spermatia on the leaf surface at 
a, and a section or so farther on a hypha traversing the epidermal cell 
to the surface evidently afforded means of entrance. Farther down 
in the same section, beyond the limits of the drawing, there are other 
diploid hyphae in mycelium above a young accium. 

Plate 13, D, shows a portion of the weft above the lower epidermis 
of the leaf. Here, too, is a large percentage of cells with more than 
one nucleus. From here, too, the sporophyte generation spreads 
into the air spaces of the rnesophyll. 

The sporophyte spreads rapidly from the point or points of origin. 
This can take place by ordinary growth of the diploid hyphae with a 
division of both nuclei at the origin of each new cell. It is probable, 
also, although difficult to prove, that the sporophyte can spread by 
the diploidization process of nuclear divisions and migrations described 
by Buffer (7). The following data may have a bearing on this 
question: 

It has been frequently observed that the number of nuclei in 
vegetative mycelial cells varies. The majority of sporophytic cells 
are binucleatc, but trinucleate cells also arc of frequent occurrence. 
(PI. 12, A, (/; B, /; C, c, e; H, d; pi. 13, C, a; D, c,j.) Occasionally, 
there are more than throe nuclei in a cell. (PI. 12, C, /; F, a; G, a; 
H, b; pl. 13, B, b; D, e,) Rarely, one of these multinuclcate mycelial 
cells becomes greatly thickened (pl. 13, E, n, 6), taking on the appear* 
ance of a cell in the sporogenous area of the growing aecium. 

In the examples cited, the nuclei are not located in any regular way 
within the cell. They may be together near the center of the cell, or 
one nucleus may be at the end. Plate 12, H, 6, shows one pair of 
nuclei at one end of the cell, another pair at the other end. Moreover, 
the nuclei of one cell are often of different sizes, as though they liad 
not divided at the same time. It is fairly common to find one large 
nucleus and two or more small ones in the same cell. Plato 13, B, a, 
shows one large nucleus and a pair of small nuclei. Plate 13, B, 6, 
shows a large central nucleus and two pairs of smaller nuclei. Plate 
13, D, e, shows one large and three small nuclei. Plate 12, F, shows 
two full-grown nuclei and a pair of small ones. 

KXPLANATOKY 1/KOKND FOK I'LATK H 

A. -— Detail of sporogenous area of 14-day fertile aecium. Probable fusions at w, b, and c. 

B. -— Strip thmuRh upper half of an aecium of a J2-day feriilo infection: a, b. c, d, r, f, and h, t^poroi)hy tic 
(^ells; / to looser space-making tissue. 

C. — Upper central part of 12-day fertile aecium: Haploid and dijdoid hyphae enter at a, grow down, and 
spread to right and left; 6, probable cell fu.«lon; c to «, layer of basal cells forming; d, spore mother cell; f, 
3-cell hypha. (All X 1,020.) 
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Furthermore, successive cells of the same hypha may not have the 
same number of nuclei. These hyphae make their way through 
the irregular air passages of the mesophyll, and it is seldom possible 
in sectioned material to trace a given hypha for more than one or 
two cells. Plate 13, D, shows two hyphae (a, d) with two nuclei in 
one cell and one nucleus in the next. In Plate 12, C, the cell at h has 
two nuclei and the next cell of the same hypha, as shown at c, has 
three. In Plate 12, B, the sequence in the hypiia, as shown at d, /, and 
g, is 2-3-2. In Plate 12, D, it is 2-1-3. The hypha in Plate 12, H, is 
drawn in two parts from a to c and d to e, and the sequence here is 
4-0-3. The middle cell in this sequence has no nucleus. This is not 
rare. 

Another point of interest in this connection is that the septa delimit- 
ing the cells in those hyphae are frequently vague and hard to see. 
The end of one cell and the beginning of the next is more often recog- 
nized by a definite break in the cytoplasm than by an easily visible 
cross wall. This condition would facilitate nuclear migrations. 

All these irregularities are difficult to explain on the basis of the 
apical growth of a diploid hypha with a regular conjugate division at 
the origin of each new cell, but are readily explainable as the divisions 
and niigrations of one or more introduced nuclei within a ready-formed 
haploid hypha. Moreover, a hypha may show an irregular combina- 
tion of the two processes; it may continue to grow while nuclei are 
moving along inside it. 

If sporophytic mycelium is present when an aecium starts, the 
sporopnytic and gametophytic components are intimately mixed in 
the aecium from its very inception. Plato 13, B, shows a very young 
aecium containing a liberal admixture of cells (a-/) with two or more 
nuclei. On the other hand, an aecium may begin in the absence of the 
sporophytic component and be invaded by it later on in its develop- 
ment. Plate 13, A, shows a vigorous young aecium composed entirely 
of uninucleate cells*. At one edge of tliis aecium in an adjoining sec- 
tion, however, at a position corresponding to Plate 13, A, g, there are 
several sporophytic hyphae. This area is drawn separately as Plate 
13, C, showing the edge of the aecium at c, and cells with two or more 
nuclei at a, b, d, e, and/. 

Plate 12, C, already referred to, shows a similar arrangement, 
including the upper edge of an aecium and the mycelium in the air 
spaces of the mesophyll tissue above it. The mycelium includes 
several sporophytic hyphae composed of cells with from on e to five 
nuclei. No direct line of sporophytic cells can be traced from the 
mycelium into the aecium, but one hypha (b-c) has reached its edge. 

The aecium (pi. 12, C), which is somewhat more advanced than 
the one in Plate 13, A, is uninucleate throughout, except for three or 
four cells in the sporogenous area. These, one of which (pi. 12, C, 
d) is included in the drawing, suggest strongly by their shape that 
they have just been formed by the fusion of two uninucleate cells. 
This aecium was part of the same infection from which the hyphal 
fusion in Plate 11, B, was drawn. As stated before, it is probable 
that two mycelia of opposite sex intermingle here. It may well be 
that haploid hyphae of both sorts entered into the formation of this 
aecium and are uniting here. 

Further evidence of the invasion of an aecium after it is well 
started is shown in Plate 14, B and C. Plate 14, B, shows a narrow 
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median strij) through the upper half of an aecium. At the lower end 
of the drawing (f-g) is the edge of the looser, space-making tissue, 
and above this area are the sporogenous cells. All through this upper 
region are cells with two or three nuclei (pi. 14, B, a, 6, c, e,/), no 
one of which looks as though it were the immediate product of fusion. 
The shape and seq[uence of these cells suggest that sporophytic 
hyphae have grown m from some point of origin above the aecium. 

Plate 14, C, shows the upper central part of a slightly older aecium 
of a 12-day infection, in which the evidence is even stronger of an 
invasion from above. Apparently a mixture of diploid and haploid 
hyphae entered at a, grew downward, branching freely, and then spread 
to right and left. With the exception of the cell at 6, none of the 
cells appears to be the direct result of fusion. 

In many cases, however, fusions do continue to occur in the 
lower part of the sporogenous area. In Plate 14, A, the cells at 
(ly by and c, indicate by their shape that two colls have combined to 
produce them, although here, as in some of the other cases cited, 
there are binucleate cells in the mycelium outside the aecium. Plate 
1 5, A, and e, shows other colls from the sporogenous area whose shape 
indicates fusion. 

At this time binucleate cells in the aecium arc rapidly increasing in 
numbers, trinucleate cells are less common, and cells with mere than 
three nuclei are exceptional. Hyphae with different nuclear content 
in successive cells may still be found. In Plate 12, E, the sequence is 
2-2-3; in Plato 14, C,/, it is 1-2-1 ; and in Plate 15, A, 6, it is 4-2-3. 

The haploid, unisexual aecium, if left to itself (pis. 8, 9, 10), develops 
to a certain stage, becomes differentiated into areas, forms irregular 
multinucleate cells in what corresponds to the sporogenous area, then 
deteriorates and dies. In the earlier stages of this development an 
invasion of sporophytic hyphae or perhaps even of haploid hyphae of 
opi)osite sex may become incorporated in its growth and change it to 
a normal fertile aecium. 

Just how late in development such an invasion can become effec- 
tive is not certain. One aecium had reached the earlier signs of 
deterioration. The cells of the sporogenous area were loosely spaced 
and had become less dense in content. The first irregular multi- 
nucleate cells (see pi. 12, J) had developed into typical forms. But 
several sporophytic hyphae were found extending into this aecium along 
its upper border, and near to these occurred the cell shown in Plate 
12, 1, which strongly suggests fusion between a slender invading hypha 
and a local cell. This aecium might be able to develop spores in 
normal fashion. 

Spore formation begins about the twelfth day or, more rarely, as 
early as the tenth day, Plate 14, C, shows the layer of basal cells 
forming along the line from c to 6. Thick heavy cells are beginning to 
grow down in more or less parallel alignment at the boundary of the 
space-making tissue. The first spore mother cell has been cut off at d. 

A slightly more advanced stage (pi. 15, B) shows a part of the sporog- 
enous area of a 12-day infection and the edge of the space-making 
tissue, (flf-6). Sporophytic cells throughout the sporogenous area are 
growing downward toward the space-making tissue. Some of these 
(pi. 15, B, hy f) start at the bound^a^ between the two areas and push 
out into the looser tissue below. Others higher up (a, c, Qy h) grow 
downward and will eventually come into line with the former. 
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A majority of the sporoplwtic cells are now binucleate^ but a few 
(pi. 15, B, b; D, /; E, b/f; C, b) have 3, 4, or even 5 nuclei. 

This growth downward of a sporophytic cell may begin at one end 
or at any point along its length, probably varying according to the 
available space for such growth. Plate 15, E, a and 5, and Plate 16, B, d, 
show the end of the cell pushing down. In Plato 15, B, 5, the best 
opportunity for growth is near one end. Plate 15, B, hj shows the 
downward growth arising as a median branch, giving to the hypha a 
3-prong shape. Plato 14, B, h, and Plate 15, D, a~6, show other 
triangular cells, which will give rise to the '‘2-legged’' cells frequently 
figurSi in other rusts and shown in Plate 16, A, a. 

Ordinarily, in fertile aecia making definite progress toward spore 
formation, the cells with more than one nucleus do not die. Plate 
15, C, shows (in lower magnification than pi. 15, B) a detail from a 
sporogenous area, with several dead cells suggestive of those found in 
sterile infections, in a 14-day infection, the other aecia of which have 
formed young spores. 

Plate 15, D, shows another detail from a sporogenous area. Some of 
the upper sporophytic cells, as at c, are still inactive; others {d) are 
berinning to grow down; and one (e) has formed the first spore mother 
cell. At/ is a trinucleate cell with the scant cytoplasm characteristic 
of the space-making tissues. 

Plate 15, E, already referred to, shows still other details. Some 
of the sporophytic cells (i) have not started to push down, othem 
(a, b), have just started, while still others (c, d) have a fully fonned 
basal cell, which has formed the fii-st spore mother cell. In one of 
these, both the basal cell (f) and the first spore mother cell (e) are 
trinucleate. 

When basal cells begin to carry on nuclear and cell divisions, 
their protoplasm concentrates in the lower end of the cell, leaving the 
upper end vacuolate. In a young sporogenous area all the cells have 
dense contents. By the time the sporophytic growth dominates the 
area the remaining game tophy tic cells are clear and almost empty 
(pi. 16, B, c, /), contrasting sharply with the binucleate cells of the 
same region. 

Mention has been made of what appear to be cell fusions in the 
sporogenous area of the aecium (pi. 12, C, d; I; pi. 14, A, a,b,c; 
C, b; pi. 15, A, d, e) before the onset of spore formation. Even in 
the later stages of development fusions can be found. In Plate 

15, A, c, appearances indicate that two young basal cells have 
fused; the combination cell has six nuclei of different sizes. In Plate 

16, B, e, two basal cells joined; apparently each contained at least 
two nuclei at the time of joining. In Plate 16, A, 6, c, and rf, three 
young spore mother cells of adjoining spore chains have fused; the 
combination cell has eight nuclei of different sizes. It is evident that 

EXPLANATORY LEGEND FOR PLATE 15 

A. — Details from 12-day fertile infection: a, Possible hyphal fusion; 6, hypha from sporogenous area, with 
nuadrinucleate, binucleate, and trinucleate cells; c, fusion of basal cells; d and c, probable cell fusions in spo- 
romous area. Arrows Indicate direction of growth. X 1,020. 

B. — Portion of sporogenoas area of a 12-day fertile infection: a, b, c, /, g, and h, Basal cells forming; d to e, 
border of $pace-making tissue. X 1,020. 

C. — Detail of sporogenous area of 14-day fertile infection: « and c, Dead basal cells; b and d, living basal 
cells, X040; 

D. — Detail of sporogenous area of 12-day fertile infection: a, b, c, d, and/. Basal cells forming; e, siK>re mother 
Mil. X 1,020. 

K.— As (n D: Younger basal cells starting at « and 6; fully formed basal cells and first spore mother cells 
l^low ati c, d, «, and /; g, binucleate cell, one at i not yet started; A, dying haploid cell. X 1,020. 
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the presence of two or more nuclei in a cell does not always prevent 
further fusions. Plate 16, C, shows evidence of this; a giant basal 
cell (a) has formed, evidently by multiple fusion, and is giving rise 
to a giant spore chain (6, c), of quadrinucleatc cells. These irregu- 
larities are exceptional. The great majority of basal cells are binu- 
cleate, act as independent units, and produce chains of binucleate 
spores. 

Under favorable conditions there are open accia by the eighteenth 
day. If the infection has not been cramped by the crowding together 
of several infections nor deformed by encountering a large vein, it is 
circular in outline. The group of spermogonia or the denuded area 
fonnerly occupied by spermogonia is at the center of the circle on 
the upper surface. There is a similar, but smaller, spermogonial 
area at the lower surface. Opening on the lower surface are the 
aecia. Plate 16, D, shows two sections through a small 18-day 
infection, A central section (pi. 16, D, b) shows spermogonia (no 
longer functioning) at the center, flanked on either side by aecia. A 
section nearer the margin (pi. 16, D, a) shows a continiious row of 
aecia. 

DISCUSSION 

Although Puccinia coronata ^ P. grarniniSf and P. iriticina (f, 2) 
difl’er in many respects, the entry of the sporidium into the epidermal 
cell and the formation of the primary hypha and its mode of branching 
are very similar in the three species. 

The first difference appears when branches from the primary 
hypha penetrate into the subepidennal region. In Puccinia grarninu 
and P. triticina these hyphae grow downw ard at once into the spongy 
mesophyll and feed and spread there for several days; then a new 
growth of hyphae returns to the subepidennal region for the formation 
of spermogonia. In P. coronata the dominant growth for the first week 
is subepidermal. The hyj)hae force a passageway between epidermis 
and palisade and spread, forming a more or less circular stroma on 
which the spermogonia develop. From any point in this mat, hyphae 
may grow downward into the mesophyll. 

'this formation of a subepidennal weft of hyphae between epider- 
mis and palisade depends upon the ability of Puccinia coronata to 
split apart the host cell walls and force a passage between them. 
'The absence of a natural intercellular space is not an insurmountable 
obstacle, in thin-walled tissue at least, which, even in the smaller 
veins, is traversed by hyj)hae. 

The aecia in a sterile infection of Puccinia coronata regularly form 
multinucleate cells, although the infection as a whole must be regarded 
as gametophytic. Bensadde (4) and Sass (;^^), in studies of agarics, 
record the regular occurrence of a multinucleate phase in the young 

EXPLANATORY I.EOEND FOR PLATE 10 

A.— Detail of spore chains from a 12-(iay fertile infection; o, 2-logged coll; c, and d, fusion of three sijores. 
X 1,020. 

R.— Detail from sporogenous area of 12-(lay fertile infection; a, b, and g, Dense sporophytJc cells above; c 
and f, nearly empty gametophytic cells; H, new basal cell forming; e, fusion between basal cells; h, basal cells 
with young spore chains. X 1 ,020. 

(\-“Twwve-<iay fertile infection; a, Giant basal cell formed probably by multiple fusion, giving rise to a 
spore chain of giant Quadrlnurleate cells (6. c) . x 1,020. 

D.-^Semldlagrammatlc sections through an 18-day fertile Infection: a, I.ateral section .showing a row of 
aecia; 5, median section showing the patch of dead spermogonia at the center Hanked by open living aecia. 
X 45. 
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primary or gametophytic mycelium. lindfors (18) found that in 
Trachyspora olchimilliae (Pers.) Fckl. the uninucleate mycelium of 
the primary uredo generation may become multinucleate in the small 
intercellular spaces of the embryonic tissues of the host, but becames 
uninucleate again as those tissues expand. All these instances of multi- 
nucleate cells in the haploid generation occur in vegetative mycelium ; 
they are therefore not directly comparable to the present case. 

It is not known whether multinucleate cells similar to those of 
Puccinia coronata are to be found in unisexual aecia of other species 
of rusts. Until the announcement by Craigie (If), in 1927, of 
heterothallism in the rusts, it was not even known that unisexual 
infections existed. There are many references in the earlier literature 
of the nists to the presence of multinucleate cells in aecia, and they 
are sometimes spoken of as ^^pathological.'' Olive {28) finds '‘a multi- 
nucleated stage" in a large proportion of 50 species examined. It 
would be interesting to know whether some of these occurred in 
sterile aecia not recognized as such. 

In Puccinia coronata the multinucleate cells in the sterile aecium form 
at the time and in the place where spore-forming activities would be 
going on in a fertile aecium; then- formation seems to be a futile 
expression of a reproductive tendency. The sporogenous area in a 
fertile aecium is richly supplied with food. A sterile aecium is simi- 
larly organized, and possibly the nutriment supplied to this area 
parallels, for a time at least, the supply that would have been needed 
for spore formation. Apparently, cells in this area in the unisexual 
aecium can grow and carry out the rapid nuclear divisions that would 
accompany spore formation, but can not form the spores. The re- 
sulting multinucleate cells become badly overgrown and irregular in 
sh^e and sooner or later deteriorate and die. 

There is some evidence in the literature on rusts that development 
does not always stop ajj this point in the unisexual aecium. Moreau 
{19y 20) reported the widespread occurrence of a uninucleate variety 
of Endophyllum euphorbias (DC.) Wint. Mycelium, aecia, and aecio- 
spores were haploid throughout. Haploid aecia with regular spore 
chains of uninucleate aeciospores have been found by Kursanov {1 7) 
in three different collections of Aecidium j^unctatum Pers. The aecia 
fully resembled sporophytic aecia in all morphological details. The 
later history of these uninucleate aeciospores is not known. Kur- 
sanov (17) also found uninucleate aeciospores in A. leucospermum 
DC. These spores were capable of germination, but no infections 
were obtained. Dodge (14) found in the short-cycle rust Caeoma 
nitens Schw. a strain without spermogonia or with ’only vestigial 
spermogonia. There were no cell fusions at the base of the aecia; 
the spores were uninucleate and germinated by producing 2-cell 
promycelia with two sporidia. 

The foregoing data are open to several interpretations. One possi- 
bility is that, when fertilization fails to take place, the unisexual 
aecium stops at different points in its development in different rusts. 
In Puccinia grarninis and P. triticina the haploid aecium forms and 
the sporogenous area takes shape^ but with rare exceptions the cells 
of the latter remain uninucleate and soon become impoverished and 
^e. In P. coromta the sporogenous area of the unisexual aecium 
liv^ longer and its cells may carry out several nuclear divisions, but 
ulSmately it dies without forming spores. In Endophyllum euphor- 



Nov. J, im 


[study of Heterothallism in Puccinia coronata 


537 


hme^ Aecidium punctaturriy A, leucospermuniy and Caeoma nitens, the 
haploid aeciuin can develop to the spore-forining stage and produce 
haploid spores. 

Andrus (3) believes the hyphae that^emerge upon the surface of the 
leaf are trichogynes, growing directly from ‘"eggs’" in the sporog- 
enous layer of young aecia. He says (5, p. 567 ) : 

At an early stage previous to fertilization, when the aecial priinordia arc in 
process of formation, that is, 8 to 12 days after inoculation, no hyphae are found 
in stomata or protruding between epidermal cells. 

In Puccinia coronatay on the contrary, a mycelium so young that 
it has not yet reached the lovrer epidermis of the leaf and sometimes 
has not even started to form spermogonia may nevertheless have 
formed several emergent hyphae (pi. 6, B and C) growing up between 
epidermal cells and along under the cuticle. These can not have 
gi’own from aecia, since aecial primordia do not start to form until 
two or three days later. 

In Puccinia cormmtay hyphae may emerge upon the surface of the 
leaf at any point in the infected area after the fourth or fifth day of 
development. They form at the upper surface first and at the lower 
surface later, when the parasite becomes established there. A re- 
ceptive hypha may grow out from vegetative mycelium, or.it may 
start as a branch from a young paraphysis in a spermogonium or from 
any point in the subepidermal weft of hyphae, or it may grow from a 
young aecium to a stoma adjoining it. Relatively few of these 
receptive hyphae can be traced directly to an aecium. The emer- 
gent hyphae function as trichogynes in receiving the spermatial 
nuclei, but they show no further similarity to the trichogynes described 
in other fungi and in algae. 

It should be pointed out, however, that in a monosporidial 
infection all the hyphae belong to one connected system. In that 
sense an emergent hypha, no matter how remote it may be from an 
aecium, is still connected with it, after aecia begin to form, by a series 
of hyphae. If the process of ‘^progressive diploidization ” described 
by Buller (7) should bo proved to exist in rusts, it would explain how 
nuclei received at any point in the mycelium could be transmitted by 
successive nuclear divisions and migrations to any other point. The 
route to an aecium might be fairly direct or might involve irregular 
detours, but it would be feasible, for the distances involved are small. 

In Puccinia graminis (Jf), P, triticina {2)y and P. coronaia, it has 
been repeatedly observed that when the sporophyte generation is 
spreading from its point or points of origin mycelial cells may contain 
from one to five nuclei, an occasional cell may have no nucleus, the 
nuclei may be of different sizes and show different arrangements 
within the cell, septa are often ill-defined, and successive cells in a 
hypha often do not have the same number of nuclei. In the systemic 
infections of P. suaveolens Rostr., in the neighborhood of the 
spermogonia and the primary uredo, Kursanov (17) found a mixture 
of gametophytic and sporophytic hyphae. In the latter the number 
of nuclei in successive cells of the same hypha varied. He reports the 
following sequences : 3“1~2 ; 2-2-2-'3~2-"2--2-l ; 2-3~3~3“3-2-2 ; 2-2--1 ; 
and 3-2-1. 

This seeming chaos is diflicult to account for on the basis of the 
regular apical growth of diploid hyphae, but if the surplus nuclei in 
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the cells of the sporophytic hyphae axe transient occupants, on their 
way in the process of diploidizing ready-formed haploid mycelium, 
the apparent disorderliness takes on new meaning. On this basis, 
too, an explanation suggests itself for the seemingly casual cell fusions 
found at different stages in the development of the aeciurn, in some 
cases between cells already containing more than one nucleus. A 
sporogenous area, established in part by a rather plastic and variable 
system of nuclear migrations, would be apt to contain some unpaired 
nuclei. It is conceivable (but, of course, not proved) that in these 
last-minute cell fusions an interchange of nuclei takes place by which 
such nuclear imbalances are corrected. 

Evidence is increasing that the sporophyt>e generation originates out- 
side the aeciurn in some species, but how widespread in the Uredineae 
this will be found to be is a matter for conjecture only. The occasional 
2-legged basal cell, so long regarded as positive proof of the origin of 
the sporophyte in the aeciurn, is open, in some cases at least, to other 
interpretations. Moreover, it is evident from studies of Puccinia 
coronala that the presence of an occasional supplementary cell 
fusion in the aeciurn prior to the formation of the basal cells does 
not exclude the possibility of earlier sporophytic mycelium outside 
the aeciurn. Detailed investigation of a large series of rusts is neces- 
sary before any generalizations can be attempted on this subject. 

Bisexual mycelium may originate at the leaf surface where emer- 
gent hyphae meet spermatia, but the evidence is still scant that it 
can originate also within the leaf by hyphal fusions where two mycclia 
interlace. Even if hyphal fusions were common, they would be 
difficult to find; but it is probable that they do take place. 

The sporophyte generation is known to originate by means of 
hyphal fusions in other groups of fungi. Bensaiide (4) found that 
in Coprinus the dicaryophyte begms with the fusion of a ( + ) and 
a ( — ) mycelial cell or^of a mycelial cell and an oidium. This has 
since been found to be general in heterothallic hymenomycetes. A 
few cases of hyphal fusion are known in the ascomycetes. Gwynne- 
Vaughan and Williamson {IS) found that in Ilumarm granulata 
Quel, all single-spore mycelia produce well-formed multinucleate 
oogonia, which, however, remain sterile and ultimately degenerate. 
No antheridia have been found. Although all the individuals are 
morphologically female, they may nevertheless be divided into 2 
clean-cut groups, 1 ( + ) and 1 (—). When a ( + ) mycelium meets 
a ( — ) mycelium, hyphal fusions take place initiating bisexual 
mycelium, on which are formed fertile oogonia that produce ascog- 
enous hyphae and asci. 

In other ascomycetes fertilization in the oogonium has been 
questioned. Even the famous Pyronema conjiuens (Pcrs.) Tul. is 
questioned, for Moreau and Moreau {21) maintain that the nuclei 
of the antheridium and the trichogyne degenerate and that oogonial 
nuclei issue two by two to form the ascogenous hyphae. They 
state {2f p. 91) that **Ni chez les Champignons des Lichens, ni 
chez le Pyronema, ni chez le Sphaero theca, m chez le Polystigma, 
nous n^avons observe de f^condation k Torigine du p^.rith^ce,^^ and 
believe in {21 ^ p, 93) “Tabsence de toute fecundation actuelle k la 
base des peri threes des Ascomycetes.’^ 

They admit the possibility in heterothallic forms, however, of 
hyphal fusions between ( + ) and ( — ) mycelia, by which nuclei of 
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the two sexes could be brought together. One may not accept 
these generalizations, but it is evident that there is increasing reason 
tor belief that the origin of the sporophyte generation by hyphal 
fusions is fairly common in the higher fungi. 

In Puccinia coronata the basal cells just ready to start spore chains 
are predominantly binucleate but may contain as many as four or 
five nuclei. This multinucleate condition was more common and 
more pronounced in P. graminis and P. triticina, in which young 
basal cells often contained 5 or 6 nuclei and occasionally 8 or 10. 
Similar precocious nuclear divisions wwe found by Coirey (10) in 
basal cells of Cronartium ribicola Fisch. In the fertile aecium these 
prematurely formed nuclei are utilized later in spore formation. 
In the sterile aecium, in P. coronata^ the nuclei merely accumulate 
in monstrous cells that then die. 

SUMMARY 

The sporidiiim of Puccinia coronata on a leaf of Rhamnus cathartica 
puslies out a short beak, which becomes attached to the epidermal 
cell, pierces the wall, and grows into the cell. The sporidial nucleus 
divides before entry. A jmmary hypha of four to six cells is formed 
in tlie epidermal cell. From each cell, in turn, a branch grows down 
into the siibepidermal region. 

For the first week the dominant growth of the rust is subepidermal, 
the hyphae separating the epidermis from the palisade and forming 
a weft of hyphae between the two layers. This weft spreads radially 
beneath the epidennis. From it hyphae grow down into the 
mesophyll. Later, a smaller stroma may form next the lower 
epidermis. 

Each sperrnogoniurn bej^ins as a small circular patch on the sub- 
epidermal stroma from which hyphae grow upward. Heavy upright 
cells at the center of this group serve as buffer cells, pushing up the 
e]ndermis. From the margin of the patch a circle of slender paraph- 
yses curve upw^ard and inward, the tips meet, then grow out 
together and pierce the epidermis forming the ostiole. Numerous 
slender sperinatiophores grow in from the sides and base of the 
spermogonium and set free spermatia into the central cavity. Sper- 
mogonial exudate is not abundant, and spermogonia are not long- 
lived. At the same time hyphae near cither leaf surface grow out 
to the surface, pushing into stomatal apertures, or between epidermal 
cells or even through an epidermal cell. These hyphae, which may 
come from vegetative mycelium, from a spermogonium, or from a 
young aecium, serve to receive spermatial nuclei. 

Puccinia coronata is heterothallic. The unisexual infection, if 
carefully isolated, produces spermatia but no aeciospores. Aecia 
form but remain sterile. 

The sterile aecium begins as a little nest of uninucleate cells near 
the lower epidermis. It grows and becomes differentiated into an 
upper half of dense cells and a lower half of looser cells. In the 
upper half are cells containing more than one nucleus. These cells 
grow and their nuclei divide, sometimes several times, but sooner or 
later they deteriorate and die. 

When spermatia of opposite sex are transferred to the surface of 
an infected area, their nuclei enter the exposed tips of the receptive 
hyphae, initiating there the sporophytic generation. From these 



540 


Journal of Agricultural Research 


Vol. 45, No. ft 


points the sporophyte spreads bv growth of diploid hyphae, probably 
also by nuclear divisions and migrations through ready-formed 
haploid hyphae. 

The aecium that is to form spores may contain both sporophytic 
and gametophytic hyphae from the start, or may begin as a ^ploid, 
unisexual aecium and be invaded later by the sporophytic com- 
ponent. An occasional cell fusion is found in the fertile aecium, 
sometimes between uninucleate cells, sometimes between cells one 
or both of which contain more than one nucleus. Basal cells are 
predominantly binucleate, occasionally multinucleate. With but 
few exceptions the spores are binucleate. 
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SOME PHYSIOLOGICAL STUDIES OF POTATOES IN 
STORAGE^ 


By R. C. Wright 

Physiologist, Division of Horticultural Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The purpose of the investigation begun in 1924 and described herein 
was to determine the changes in sugar content, the rate of respiration, 
and the intercellular or internal atmospheric composition of potatoes 
stored at different temperatures and sampled at succeeding periods 
during storage. Studies along these lines were carried on simultane- 
ously, or as nearly so as practicable. Investigations were made also 
on changes in potatoes that had been held in storage at 32° F. for a 
given time and had then been transferred and held at several different 
higher temperatures, and in potatoes that had been frozen. 

MATERIAL USED 

The potatoes used in these investigations were Irish Cobbler, Green 
Mountain, and Triumph varieties true to name and grown by the 
United States Department of Agriculture at Presque Isle, Me. They 
were well matured, carefully selected for uniformity of size, and were 
free from evidence of disease. In 1924 the varieties were harvested 
on September 24 and stored in crates in a potato storage house at a 
temperature of about 50° F. until shipped. They were shipped in 
barrels by freight directly to Washington, D. C., and arrived at the 
laboratory on November 1. 

On arrival at Washington all the potatoes of each variety were 
carefully emptied on the floor in such a way as to mix together the 
contents of the barrels. Potatoes were then selected from different 
loc.ations in the pile in order to secure composite samples as nearly 
comparable as possible. In handling the potatoes care was taken to 
avoid skinning or other mechanical injury that might cause physi- 
ological disturbance. As the potatoes were wtU matured and the 
skins rather finn, practically no skinning occurred. 

CHANGES IN POTATOES DURING CONTINUOUS STORAGE AT 
DIFFERENT CONSTANT TEMPERATURES 

On November 5 lots of each of the three varieties were put in stor- 
age at controlled temperatures of 32°, 36°, 40°, 50°, 60°, and 70° F. 
and allowed to remain continuously for periodic sampling. The rela- 
tive humidity was maintained at approximately 85 per cent in order 
to prevent undue loss of moisture. 


^ Received for publication Feb. 18, 1932; issued November, 1932. 
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SUGAR CONTENT 

In order to detennine the initial sugar content for each variety, 
representative composite samples were taken for analysis at the begin- 
ning of the experiment. Following this, samples were taken periodi- 
cally, on November 26, December 17, February 5, March 24, and 
June 1. 

Cylindrical plugs about 15 mm in diameter were taken from each 
of about 12 representative potatoes by cutting with a cork borer from 
side to side through the center. The plugs from each lot were put 
through a sampling press that reduced the material to a fine pulp, 
which was then mixed by thorough stirring. Duplicate 50 g portions 
of each sample were weighed out and covered with approximately 85 
per cent alcohol in 400 c c beakers and boiled for a few moments. 
The samples were then washed into 500 c c volumetric flasks, brought 
to volume, and allowed to stand, with occasional shaking, until all 
the samples had been taken. 

After filtering, a 50 c c aliquot part of the alcoholic extract was 
evaporated in order to remove the alcohol. It was then brought to 
nearly 250 c c with water; 5 c c of neutral lead acetate was added 
for clearing; and the mixture was then brought to exact volume, 
filtered, and deleaded with sodium oxalate. Reducing sugar was 
determined in a 50 c c aliquot portion by using Bertrand’s modifica- 
tion of the Munson and Walker method. To another 50 c c aliquot 
portion of the clarified and deleaded solution 5 c c of hydrochloric 
acid was added, and the whole brought to 100 c c. After inversion 
in the cold for 24 hours and then neutralizing, total sugar was deter- 
mined on a 50 c c aliquot by the method previously used to determine 
the reducing sugar. Sucrose was then determined by difference. 
The averages, calculated on the basis of the weight of the fresh tissue 
and expressed as percentage of dextrose, are shown in Table 1 and 
in Figure 1. 



Table 1 — Progressive changes in sugar content of potato varieties stored at various temperatures 
(Sugars expressed as percentage of dextrose based on fresh weight] 
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Figure l.-Prograssive changes in the sugar content of Irish Cobbler (A), Green Mountain (B), and Triumph (C) potatoes at various storage temperatures, degrees Fahrenheit 
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In all three varieties stored at 32° and 36° F., disregarding certain 
fluctuations, a general progressive increase in reducing sugar, sucrose, 
and total sugar was foimd at each sampling, including samples taken 
on March 24. This was followed by a tendency to decrease, as 
shown on June 1. The greatest amount of total sugar accumulated 
was at 32°. The sugar content of the Irish Cobbler increased from 
1.18 to 5.87 per cent. Green Mountain from 2.26 to 7.28 per cent, 
and Triumph from 1.65 to 7.97 per cent, or percentage increases of 
397, 222, and 383, respectively. (Table 1.) The most rapid increase 
in sugar occurred between the beginning of the experiment and the 
first sampling date, that is, during the first 21 days of storage. In 
potatoes stored at 40° there was apparently a slight general increase 
in sugar, but the quantity seemed to fluctuate from one sampling 
date to another. This fluctuation may have been due to analytical 
error or variation in sampling, although great care was taken at each 
sampling to select representative tubers from different locations in 
the baskets. With the exception of the Irish Cobbler variety, 
potatoes stored at 50° showed a general decrease in sugar on March 24. 
In this variety more sugar was found than at the beginning, but this 
is considered to be due to some experimental error. At 60° and 70° 
the total-sugar content in general decreased during storage to one- 
half or less. With certain exceptions, the tendency was for a loss of 
sugar, increasing in proportion as the temperature increased from 
50° to 70°. 

The relatively high sugar content of potatoes stored at 32° and at 
36° F. explains much of the unpalatability due to excessive sweetness 
commonly recognized in tubei*s stored at low temperatures. Sweetness 
was readily detected by taste in uncooked specimens stored at these 
low temperatures, as compared with those stored at 40° or above. 

RESPIRATION 

In the same storage lots of Irish Cobbler and Green Mountain 
potatoes on which sugar analyses were made periodically, the relative 
rates of respiration, expressed as milligrams of carbon dioxide given 
ofl per kilogram of material per hour, were determined on three dates 
during the storage period. The method and apparatus used were 
similar to those described by Magness and Diehl (^) The respiration 
tests were carried on in duplicate on approximately 3-kg samples. 
The first test was begun on November 7, two days after the potatoes 
were placed in storage; similar tests were begun on January 17 and 
on March 24. The duration of each test was between 300 and 400 
hours. After each test the tubers used were discarded, and new 
groups of tubers were selected for each succeeding test. The results 
obtained at the storage temperatures indicated are presented in 
Table 2. The respiration rates, as determined in continuous runs 
of approximately 24 hours each throughout these tests, proved to be 
fairly uniform; for the sake of brevity only averages for entire test 
periods are given herein. 


3 Reference le made by number (Italic) to Literature Cited, p. 555. 
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Table 2. — Seasonal respiration of Irish 

Cobbler 

• and Green Mountain potatoes 

tn storage at various temperatures 




IRISH COBBLER 









Weight of sample 


storage 

CO 2 per 

Duration 



Test begun 

tempera- 

kilogram 





ture 

per hour 


Beginning 

End 



Mg 

Hours 

Kg 

Kg 


32 

6.22 

408 

3.610 

3.592 


3fl 

9.28 

380 

3. 522 

3. 510 


40 

8.48 

404 

3.800 

a. 792 

Nov. 7 ( 

50 

5.92 

387 

2.675 

2. 061 


60 

8. 76 

263 

3.682 

3.667 


70 

8.91 

405 

3. 575 

3. 549 


32 

4.25 

m 

2.607 

2.603 


36 

4.66 

288 

2. 651 

2. 636 


40 

3.92 

339 

2.423 

2.423 

Jan. 17.. — 

50 

4.35 

338 

2. 614 

2.514 


60 

10. 40 

389 

2.828 

2.818 


TO 

12. 42 

286 

2.993 

2.962 


32 

3.27 

402 

3.054 

3.050 


36 

4.62 

405 

3.274 

3. 272 


40 

3.68 

386 

2.976 

2. 972 

Mar. 24 - 

50 

4.50 

388 

2. 415 

2.411 


60 

(*) 

(«) 

(») 

{“) 


70 

(•*) 

(«) 

(“) 

(<•) 

GREEN MOUNTAIN 


32 

6.85 

408 

8.612 

3.602 


36 

7.07 

380 

3.422 

3.415 

Nov. 7 

40 

5.11 

404 

3.660 

3. 661 

50 

6.40 

387 

2.641 

2.631 


60 

8.63 

386 

8.650 

3. 632 


70 

10.06 

405 

3. 645 

3. 621 


32 

4.20 

332 

2.608 

2.608 


36 

3.94 

288 

2. 843 

2 . 8:11 

Jan. 17 

40 

3. 57 

339 

2.752 

2.752 

50 

3. 73 

338 

2.177 

2. 177 


60 

6.80 

289 

2,866 

2.845 


70 

9. 38 

285 

2. 885 

2.856 


32 

2.99 

402 

2,997 

2.994 


36 

3. 65 

309 

3. 425 

3.416 


40 

2.93 

386 

3. 422 

3.420 


60 

4.86 

388 

2.037 

2.030 


60 

(“) 

(") 

(-) 

(«) 


70 

(“) 

(“) . 

('0 

(«) 


« Sprouting. 


These results and those of Bennett and Bartholomew {2) and of 
Hopkins {6) show, as suggested by Gore (5), that the general rule of 
Van^t Hoff (that the respiration rate doubles or trebles for each 10® 
C. (18® F.) rise in temperature) does not hold for low tenmeratures. 
In general, a greater rate of respiration was found at 36® F. than at 
32® or 40® or even at 50® early in the storage season, little relation to 
sugar concentration being shown at these temperatures. Hopkins (5), 
working with the Russet Rural variety in storage at various tempera- 
tures, reported a more rapid rate of respiration at 32® than at any 
higher temperature up to 47.6®. In general, the rate of respiration 
at all temperatures decreased as the storage season advanced, except 
in the case of the Irish Cobbler variety stored at 60® and 70®, which 
showed an increase on January 17. Sprouting in this variety, noted 
soon after this test, may account for the increased respiration. 
Sprouting was noted in the Green Mountain variety at 60°; but it 
bad apparently just begun, since at this time the growth was not sP 
far advanced as in the Irish Cobbler variety. 
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COMPOSITION OP INTERNAL ATMOSPHERE 

After the three varieties of potatoes had been in storage from 
November 5 to February 18, the constituents of the atmosphere in 
the intercellular spaces were determined. Unfortunately, no deter- 
minations were made at the beginning of the storage penod in order 
to ascertain what changes took place during storage. However, the 
results presented in Table 3, representing the average of six tubers, 
show the composition of the internal atmosphere of each of the three 
varieties after 105 days of continuous storage at 32°, 36°, 40°, 50°. 
and 60° F. 

Table 3. — Percentage composition of the internal atmosphere of Irish Cobbler^ 
Green Mountain, and Triumph potatoes after storage at various temperatures 
from November 5 to February 18 



Irish Cobbler 

■Green Mountain 

Triumjih 












(’Oj 

()3 

N 

COj 

Oi 

N 

CO 2 

0, 

N 

32 - 

12.0 

18.4 

09.6 

9.0 

20.5 

70. 5 

17.2 

13.9 

08.9 

30 

17.8 

15.0 

06.3 

17.3 

16.3 ! 

66.4 

14.7 

18.1 

67. 2 

40 

12.7 

18.0 

69.3 

10.3 

18.4 

71.3 

9.0 

26.3 

64.1 

60. 

7.2 

18.4 

74.4 




9.9 

13.8 

76.3 

00 

10.4 

17.5 

72.1 

1 

8.3 

17.1 

74.6 

15. 3 

1ft. 4 

66.3 


The internal atmosphere was extracted by the method described 
and illustrated by Magness (7). For each potato variety, composite 
samples of gas were obtained from six representative potatoes taken 
from each storage. A cylindrical plug about 15 mm in diameter was 
taken from each potato by cutting with a cork borer from side to side 
through the center. The gas thus obtained was transferred to a 
Bonnier-M anmn apparatus described by Aubert (f) and Grafe 
M, p. 377), The absorption of carbon dioxide was accomplished by 
using a solution of potassium hydroxide, while oxygen was absorbed 
with an alkaline solution of pyrogallol. The gas remaining after the 
carbon dioxide and oxygen had been absorbed was assumed to be 
nitrogen. 

The results obtained are shown in Table 3. Most noticeable is the 
fact that in the Irish Cobbler and Green Mountain varieties a higher 
content of CO 2 was found at 36° F. than at any other temperature, 
whereas in the Triumph variety the CO 2 content was highest at 
32°. With a relatively large amount of CO 2 a correspondingly small 
volume of oxygen was usually found. These results apparently 
can not be correlated with the relative respiration rate or sugar 
content at the different temperatures; furthermore, the internal gas 
composition in all varieties fluctuated with changes in temperature 
in such a way as to suggest a need for further study in order to deter- 
mine what relations may exist between the internal atmospheric 
composition and other physiological reactions. 

FURTHER CHANGES IN IRISH COBBLER AND GREEN MOUNTAIN 
POTATOES AT 60° F., AFTER STORAGE AT 32° 

The results shown in Table 1 indicate that potatoes stored at a 
constant temperature of 32° F. increase in sugar content considerably 
during storage. The maximum sugar content for all varieties was 
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found on March 24. On this date Irish Cobbler and Green Mountain 
potatoes from the lots already described were transferred and held at 
a constant temperature of 60° for an intensive study of the changes in 
their sugar content, rate of njspiration, and internal atmospheric 
composition. 

SUGAR CONTENT 

Samples for sugar determinations were taken on the fourth day 
after the transfer to storage at 60° F. and frequently thereafter for a 
period of 20 days, when evidence of sprouting became apparent and 
further sampling was discontinued. The results presented in Table 4 
show a rather uniform decrease in sugars up to the time sampling was 
discontinued. At this time the total sugar present in the Irish Cobbler 
variety was still somewhat higher than that found in the fall before 
the storage experiments started; whereas, in the Green Mountain 
variety, when sampling w^as discontinued on April 10, both reducing 
and total sugars were less than when the experiment started. These 
data are in agreement with results already well known from earlier 
investigations on potato storage. 

Table 4. — Changes in svgar content of potatoes after being stored at 32° F. from 
November 5 to March 24 a.nd then transferred to storage at 60° 


Sugars oxpressi'd as porcentago of dextrose based on fr(‘sh weigljt 



Irish Cobbler 

Green Mountain 

Date 








Reducing 


Total 

Reducing 


Total 


sugar 


sugar 

sugar 


sugar 

Nov, 6 « 

0.91 

0.27 

1.18 

1.99 

0.27 

2.26 

Mar. 24 , .. 

4.42 

1.45 

6.87 

4.87 

2.41 

7.28 

Mar. 28 

i 3.47 

1.00 

4. 47 

3. 34 

1.26 

4.60 

Mar. 30 

3. 15 

.83 

3.98 

2. 66 

.92 

3.58 

Apr. 2 

2.50 

.68 

3. 18 

2.60 

.77 

3. 27 

Apr. fl 

! 1.90 

.47 

2. 37 

2.30 

.67 

2. 87 

Apr. 10 

1.81 

.32 

2.13 

1.63 

.37 

2.00 

Apr. 17 

1.61 

.30 

1.91 












« Before storage. 


RESPIRATION 

After the potatoes had been transferred to storage at 60° F. and 
had warmed up to the air temperature (in about 24 hours), samples of 
approximately .3 kg each were put in the respiration apparatus already 
described, and the progressive rate of respiration was determined for 
both varieties by separate runs of varying duration, as shown in 
Table 5. A previous set of respiration tests was made on Irish 
Cobbler potatoes after they had been held at 32° only from November 
7 to January 17 before being transferred to storage at 60°. It 
should be noted that sprouting became apparent about nine days 
after this transfer. These potatoes had been harvested long enough 
to have passed through their rest period and would natural^ sprout 
at this comparatively high temperature. The results are shown in 
detail in Table 5. 

In both varieties the respiration rate, as indicated by the COg given 
off per kilogram per hour, showed a tendency to increase during the 
first few days and then to decrease gradually untU it nearly reached 
t^at of potatoes held continuously m storage at 60° F. (Table 2.) 
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This was in general accord with the results reported by Kimbrough (6), 

Table 6. — Respiration at 60° F. of two lots of Irish Cobbler and one lot of Green 
Mountain potatoes^ after storage at 32° from November 7 to J anuary 1 7, November 
7 to March 24 1 and November 7 to March 24t respectively 


Kospiratjon tost at F. after indicated period of storage at 32® 


Run No. 

Irish cobbler 

Green Mountain 

Nov. 7 to Jan 17 « 

Nov. 7 to Mar. 24. > 

Nov. 7 to Mar. 24 


('Oj per 
kilogram 
per hour 

i 

Time in 
60® 

CO 2 i)or 
kilogram 
per hour 

Time in 
60® 

per 
kilogram 
per hour 

Time in 
60® 


Mg 

Hours 

Mg 

Hours 

Mg 

Hours 

1 

17.7 

40 

13.7 

66 

10. 66 

66 

2 . . 

26.6 

92 

1.5.6 

139 

12.80 

1.39 

3 

25.8 

1.39 

14.4 

235 

12.20 

235 

4 

17.8 

217 

18.2 

310 

14.20 

310 

5 

1.3.7 

289 

16.8 

478 

14.00 

478 

ft 

10.2 

406 

12.4 

626 

8.80 

626 

7 - - - - 

0.2 

601 





8 . . . 

6.0 

766 













“ Test was begun Jan. 18 on sample weighing approximately 3 kg. 
* Test was begun Mar. 25 on sample weighing approximately 3 kg. 


In the lot of Irish Cobbler potatoes placed at 60° F. on January 17 
the increasing rate of respiration for the first few days was followed 
by a gradual diminution. This increase in respiration in potatoes 
high in sugar content, removed from a low temperature, is consistent 
with the results reported by Muller-Thurgau (J)). However, the 
increase in rate lasted longer than he reported (one and one-half to 
two days), although this may be accounted for by the fact that his 
investigation was carried on at 68° F. (20° C.) instead of at 60°. 
The respiration rate in comparable lots of potatoes, that is, potatoes 
from the same general lots, when harvested and held constantly at 
60°, was not determined as late as March 24, because sprouting had 
already begun by this time. Table 2 shows that on January 17, the 
respiration rates, as denoted by the CO 2 given off, were 10.40 and 5.80 
for the Irish Cobbler and Green Mountain potatoes, respectively. 
These are less than the respiration rate (17.7) found during the first 
run in the Irish Cobbler potatoes transferred from storage at 32° to 
storage at 60° on January 17, and also less than that found in either 
of the varieties transferred on March 24, when the respiration rates 
were 13.7 and 10.65, respectively. These values show an increased 
respiration rate in potatoes moved from storage at 32° to storage at 
60°, as reported by previous workers. Comparing the simultaneous 
respiration activity of potatoes remaining in storage at 32° with that 
of the lots transferred on March 24 to storage at 60°, the rates were 
3.27 and 2.99 (see Table 2) for the Irish Cobbler and Green Moun- 
tain varieties, respectively, at 32°, as against 13.7 and 10.65 in the 
first runs of these varieties after 66 hours at 60°. 
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COMPOSITION OP INTERNAL ATMOSPHERE 

Simultaneously with studies on the changes in sugar content and 
respiration rate, as reported, changes in internal atmosphere of the 
tubers were studied. The results are shown in Table 6. Here a 
marked increase in CO 2 content over the amount present when the 
potatoes were transferred was found in both varieties on the second 
day at 60° F. This comparatively high CO 2 content of the internal 
atmosphere of the tubers persisted for about six days and was corre- 
lated with a higher rate of respiration during this period. There was 
a general, but not always consistent, tendency for the oxygen to 
decrease as the CO 2 increased. 


Table 6. — Change in percentage composition of the internal atmosphere of Irish 
Cobbler and Green Mountam potatoes at 60° F., after storage at from Novem- 
ber 7 to March 



Irish Cobbler 

Green Mountain 
















COj 

O 2 

N 

CO 2 

O 2 

N 

0 

11.4 

19.2 

69.4 

4.7 ' 

47.5 

47.8 

2 

32.6 

8.6 

59.0 

23.6 

16.1 

60.3 

4 

29.7 

11.1 

69.2 

18.1 

19.9 

62.0 

fi 

30.5 

26.3 

43.2 

24.8 

18.3 

66.9 

y .. 

20.6 

16.6 

63.8 

16.8 

16.2 

68.0 

13 

17.6 

18.1 

64.4 

17.7 

14.6 

67.7 

17 

14.7 

16.2 

69.1 

1.5.0 

16.7 

68.3 

24 . 

12.2 

18.5 

69. 3 









CHANGES IN FROZEN POTATOES 

Irish Cobbler and Green Mountain potatoes of the same general lot 
as already described were taken from continuous storage at 40° F. on 
March 11 and exposed to a temperature of 22°. They were spread 
out in a single layer for three hours to bring their internal temperatures 
to the freezing point |Or below, and then all were sharply disturbed 
(‘inoculated”) by being quickly tossed in a basket and then poured 
out in a layer as before, each potato being allowed to drop a distance 
of 3 or 4 inches. This operation was to start simultaneous freezing 
in order to have approximately the same amount of injury in all 
specimens when removed. After “inoculation” the tubers were left 
undisturbed for 2 hours, when they were gathered up and allowed to 
thaw out at 40° for 24 hours. An examination at this time by cutting 
various tubers showed mild freezing injury of the net or ring type. 

SUGAR content 

After warming at 40° F. for 24 hours, )^-bushel lots of the tubers 
that had been frozen and similar lots of unfrozen specimens from 
constant 40° storage were put in storage at 32°, 40°, 50°, 60°, 70°, 
and 85° for one month. Sugar determinations were than made on 
samples of about 1 0 tubers from all lots. (Table 7.) All the analyzed 
tubers from the lots that had been frozen showed necrosis. Initial 
sugar determinations were not made, for it was assumed that since 
the frozen potatoes had remained at the low temperature for only 
five hours they would show no difference from the unfrozen ones. 
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Table 7. — Sugar-content changes in frozen and unfrozen potato varieties after one 
month of storage at various temperatures 

[Sugars expressed as percentage of dextrose based on fresh weight] 

IRISH COBBLER 


storage temperature (®F,) 

Frozen « 

IJ nfrozen 

Reducing 

sugar 

Sucrose 

Total 

sugar 

Reducing 

sugar 

Sucro.se 

Total 

sugar 

32 

2.78 

1.15 

3.03 

2.62 

0.70 

3.22 

40 - 

LS.*) 

.34 

1.09 

1.52 

.20 

1.78 

50. 

1.00 

.20 

1.20 

.94 

.24 

1. 18 

00 

.87 

.11 

.98 

.79 

.20 

1.05 

70 

.72 

.86 

1.58 

.53 

.82 

1.35 

K5 - 

.SS 

.34 

.87 

.39 

.09 

.48 


(IREKN MOUNTAIN 


32 

2.98 

1. 80 

4.78 

2.98 

1.13 

4.11 

40 . 

1.65 

.41 

2.00 

1.69 

.48 

2.17 

50 

1.13 

.20 

1.33 

1.20 

.23 

1.43 

00 

1.15 

.20 

1.35 

.89 

.20 

1.09 

70 

.75 

.40 

J. 15 

.57 

.41 

.98 

85 ... . . 

.83 

.84 

1.07 

.44 

.11 

.55 


'• The frozen potatoes were held at a temperature of 22® F. for 3 hours, inoculated i).v l>eing jarred, and then 
allowed to freeze for 2 hours, after which they were held at 40® for 24 hours to warm up. 


These results did not consistently prove or disprove the common 
belief that frozen potatoes are sweeter than unfrozen ones. At some 
holding temperatures the sugar content of the frozen potatoes was 
somewhat higher than that of unfrozen potatoes, and at other tem- 
peratures the reverse was true; moreover, the same relations did not 
hold for both varieties. Much of this lack of correlation can be 
explained by the possibility that different degrees of freezing occurred 
and caused variation among individual specimens. The inference 
that in most cases there was a slightly higher sugar content in potatoes 
that had been frozen is consistent with the slightly higher rate of 
respiration shown later. 

RESPIRATION 

Approximately 3-kg duplicate lots of frozen Irish Cobbler potatoes 
from the lot described were transferred to storage at 60° F., after 
they had thawed out at 40° for 24 hours, and were left for about 12 
hours to reach this temperature, along with similar lots from the 
constant storage at 40°. These lots of potatoes were then put in the 
respiration apparatus and the comparative rates of respiration of 
frozen and unfrozen potatoes determined in three runs, as shown in 
Table 8. In every run a somewhat higher respiration rate was found 
in the frozen potatoes than in the unfrozen ones from the same 
general source. 
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Table 8. — Respiration at 6*0° F. of frozen and unfrozen Irish Cobbler potatoes 


Run No. 

Frozen ® 

Unfrozen 

(^Ojper 
kilogram 
per hour 

Duration 
of run 

(H )2 per 
kilogram 
per hour 

Duration 
of run 


Mg 

Hours 

Mg 

Hours 

l._.. 

16.6 

72 

9.7 

72 

2 

16.2 

72 

12.1 

72 

3 - 

11.1 

120 

0.3 

120 


* The frozen potatoes were held at 22® for 3 hours, inoculated by bein^t jarred, and then allowed to freeze 
for 2 hours, after which these, as well as the unfrozen potatoes, were placed at 60® to warm up overnight 


SUMMARY 

Large representative lots of Irish Cobbler, Green Mountain, and 
Triumph potatoes were stored continuously at 32°, 36°, 40°, 50°, 
60°, and 70° F. from November 5 until March 24, and periodic 
determinations were made of sugar content and respiration rate at 
these temperatures. Analyses of the internal or intercellular atmos- 
phere were also made after holding the potatoes in storage at these 
temperatures from November 5 until February 18. 

At 32° F. the sugar content steadily increased in all varieties until 
March 24. After this, further analyses were not made until June 1, 
when a slight decrease was shown. At 36° there was a marked increase 
in sugar, but to a less extent than at 32°. At 40° the periodic results 
were fluctuating, but on the whole there was a slight increase in sugar. 
At 50°, 60°, and 70° the sugar content decreased steadily in propor- 
tion as the temperature increased. 

Respiration of Irish Cobbler and Green Mountain potatoes in- 
creased at successively higher temperatures above 40° F. Respira- 
tion at 36° was more, rapid than at 40° or 32°. In general the 
respiration rate decreased as the storage period increased. 

The CO 2 content of the internal atmosphere of Irish Cobbler and 
Green Mountain tubers was greatest at 36° F., and that of the Triumph 
variety was greatest at 32°. At the other temperatures no apparent 
correlation existed between the internal atmospheric composition 
and the temperature. 

After Irish Cobbler and Green Mountain potatoes had been in 
storage at 32° F. until March 24, some of each of the varieties were 
renioyed and held at 60°; sugar content, respiration rate, and com- 
position of the internal atmosphere were then determined at frequent 
intervals. 

The sugar content steadily and rapidly decreased, while the rate 
of respiration at first increased and then decreased. The CO 2 content 
of the internal atmosphere increased rapidly during the first two 
days and remained h^h for about six to nine days beiore decreasing. 

Irish Cobbler and Green Mountain potatoes, after being in storage 
at 40° F. until March 11, were subtly frozen at 22° for five hours. 
They were then thawed at 40°, divided, and stored at 32°, 40°, 50°, 
60°, 70°, and 85°, along with unfrozen lots from the same tempera- 
ture. After a month^s storage sugar determinations were made. 
At most temperatures the potatoes that had been frozen showed a. 
somewhat higher sugar content than did the unfrozen potatoes. 



Nov. 1, 1932 


Physiological Studies oj Potatoes in Storage 555 


Samples of the frozen potatoes, after thawing for 24 hours at 40° F., 
together with unfrozen potatoes from storage at 40°, were stored at 
60° for 24 hours so as to allow their temperature to come to room 
temperature. The rate of respiration was then (letermined in both 
lots. A somewhat higher rate was found in the frozen potatoes. 

LITERATURE CITED 

(1) Aubert, E. 

1891. NOUVEL APPAREIL DB MM. G. BONNIER ET L. MANGIN POUR i/aNALYSE 
DES GAZ. Rev. G6n. Bot. 3:97-104, illus. 

(2) Bennett, J. P., and Bartholomew, E. T. 

1924. THE respiration of potato tubers in relation to the occur- 
rence OF blackheart. Calif. Agr. Expt. Sia. Tech. Paper 14, 
35 p., illus. 

(3) Gore, H. C. 

1911. studies on fruit respiration. I. THE EFFECT OF TEMPERATURE 
ON THE RESPIRATION OP FRUITS. II. THE EFFECT OF PICKING 
ON THE RATE OF EVOLUTION OF CARBON DIOXID BY PEACHES. 
111. THE RATE OF ACCUMULATION OF HEAT IN THE RESPIRATION 
OF FRUIT UNDER ADIABATIC CONDITIONS. U. S. Dept. Agr., BuF. 
Chem. Bui. 142, 40 p., illus. 

(4) Grape, V. 

1914. ERNAHRUNGSPHYRIOLOGISClIES PRAKTIKUM DER HOHEREN PFLANZEN. 
494 p. Berlin. 

(5) Hopkins, E. F. 

1924. RELATION OF LOW TEMPERATURES TO RESPIRATION AND ‘CARBO- 

HYDRATE CHANGES IN POTATO TUBERS. Bot. Gaz. 78: [31 1]-325, 
illus. 

(6) Kimbrough, W. D. 

1925. A STUDY of RESPIRATION IN POTATOES WITH SPECIAL REFERENCE 

TO STORAGE AND TRANSPORTATION. Mcl. Agr. Expt. Sta. Bul. 
276, p. [511- 72, illus. 

(7) Magness, J. R. 

1920. COMPOSITION OF GASES IN INTERCELLULAR SPACES OF APPLES AND 

POTATOES. Bot. Gaz. 70:308-316, illus. 

(8) and Diehl, H. C. 

1924. PHYSIOLOGICAL STUDIES OP APPLES IN STORAGE. JouF. Agr. Re- 
search 27 : 1-38, illus. 

(9) MItller-Thurgau, H. 

1880-1886. UEBER DAS GEFRIEREN UND ERFRIEREN DER PFLANZEN. 

Landw. Jahrb. 9:[133]-189, 1880; 15:[463]-610, illus. 
1886. 




APPARENT DIGESTIBILITY OF, AND NITROGEN, CAL- 
CIUM, AND PHOSPORUS BALANCE OF DAIRY HEIFERS 
ON, ARTIFICALLY DRIED PASTURE HERBAGE ‘ 

By R. E, Hodgson, Agents Bureau of Dairy Industry^ United States Department 
of Agriculture^ Dairy HuabandmaUf Western Washington Experiment Station^ 
and Assistant in Dairy Husbandry^ Washington Agricultural Experiment Station, 
and J. C. Knott, Superintendent of Official Testing^ Washington Agricultural 
Experiment Station * 

INTRODUCTION AND REVIEW OF PREVIOUS INVESTIGATIONS 

The value of an intensive system of pasture management in in- 
creasing the yield and nutritive value of pasture herbage has been 
amply demonstrated by various investigators. 

Results obtained bv Grunder ^ in a study of the yield and chemical 
composition of mixea pasture grasses and clovers show that under a 
system of biweekly cuttings the dry matter of the herbage possessed 
Min average percentage composition of 26.28 crude protein, 17.52 crude 
liber, 40.72 nitrogen-free extract, 3.31 ether extract, 12.17 total ash, 
0.57 phosphorus, and 0.66 calcium. 

Ellenberger (1) ^ and othei*s reported that the dry matter of ordi- 
nary pasture grass in Vermont had an average composition of 19.05 
per cent crude protein, 17.87 per cent crude fiber, 48.31 per cent 
nitrogen-free extract, 0.854 per cent calcium, and 0.270 per cent 
phosphorus. They concluded that quantity rather than quality was 
the dominating factor affecting cariying capacity of closely grazed 
pastures. 

Woodman and his associates (7, 8, 9y 10 y 11 y 12y 13) reported, from 
an extensive study of the nutritive value of pastures, that young 
pasture grass obtained under a weekly, biweekh^ triweekly, or monthly 
system of cutting was, in terms of its digestible nutrient, a ‘^watered 
concentrate'^ rather than a roughage. Seventy-two per cent of the 
organic matter as well as 80 per cent of the small amount of fiber 
present in the grass was digestible. The immature herbage contained 
approximately 20 per cent digestible crude protein. 

The proper preservation of laige amounts of this highly nutritious 
feed without affecting its feeding value is a matter of much interest 
at the present time. With the advent of the commercial hay drier, 
it seems possible that immature pasture herbage possessing a highly 
digestible protein content might be harvested, artificially dried, and 
fed to dairy cattle as a protein-rich concentrate. Reports of the 
digestibility of artificially dried grasses would seem to indicate that 
th^rocess of drying does not greatly depress their feeding value. 

Woodman and others (11) have shown that young grass does not 
suffer any appreciable depression in digestibility when artificially 


^ Received for publication February 16, 1932, issued November 1932. Scientific P.aper No. 218, College 
of .i^culture and Experiment Station, State College of Washington. 

* The writers are Indebted to Harold Gerrltz, who was responsible for all the analytical work involved, 
and to M. 8. Qninder, under whose direction the herbage was collected and preserved. 

* Unpublished data obtained from M. S. Grunder, agronomist. Western Washington Experiment Station 
Puyallup, Wash. 
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dried at the teirmerature of steam or by direct heat in a kiln. The 
digestibility coefficients of the total organic matter and of the crude 
protein portion of the kiln-dried grass were 79.44 and 78.24, respec- 
tively. 

Watson (6) has presented data showing that sheep on an exclusive 
diet of artificially dried pasture ^rass were able to maintain their live 
weight. The digestibility coefficients of the organic matter and crude 
protein of the dried grass were 76.36 and 76.35, respectively. The 
sheep maintained positive nitrogen, calcium, phosphorus, and potas- 
sium balances throughout the trial. 

Watson (6‘) fed artificially dried pasture grass to milking dairy 
cows and found it to be very palatable. It proved to produce the 
quantity of milk for which the nutrients it supplied were theoretically 
capable. 

During the winter of 1931 the apparent digestibility of artificially 
dried pasture herbage was studied at this station. Dairy heifers were 
used as the experimental animals. In conjunction with this work, 
it was thought advisable to determine the balance of nitixigen, cal- 
cium, and phosphorus of heifers on an exclusive diet of artificially 
dried pasture herbage. 

EXPERIMENTAL PROCEDURE 

The artificially dried pasture herbage was obtained from plots of 
pure stands of the following grasses and clovers: English ryegrass 
(Lollum perenne), Italian ryegrass (L, multifiorum) ^ orchard grass 
{Dactylu glomerata)^ rough-stalked meadow grass (Poa trmalis)^ 
Kentucky bluegrass (P. pratensis), annual bluegrass (P. annua!), 
meadow fescue {Festuca elatior), creeping bent (Agrostis stolonifera) , 
ladino clover {Trijolium repens latum), alsike clover {T. hybrmum), 
and white clover (T. repens). These grasses and clovers were cut 
with a lawn mower at Jbiweekly intervals and dried in an experimental 
drier and mixed. The material was cut into approximately 3-inch 
lengths. The predominating plants in the resulting mixture were 
English ryegrass and Italian ryegrass. 

Drying was done in a small batch drier. Heated air passing through 
the oven at from 100^ to 200° F. dried the material to approximatmy 
5 per cent moisture in about 12 houi*s. The dried herbage retained 
its green color and possessed a pleasing aroma. 

The usual precautions necessary in conductii^ a digestibility and 
mineral-balance study as outlined by Forbes and Grindley {3, p. 17-27) 
were observed throughout the experiment. The experimental animals 
were three Holstein heifers, approximately 2 years old and weighing 
on an average about 950 pounds each. They wem gradually changed 
to the experimental ration prior to going into the digestion stalls at 
the beginning of the prelimmary period. 

An amount of artificially dried pasture herbage sufficient to last 
throughout the experiment was spread out on a tight floor, thoroughly 
mixed, and divided into tliree piles. The individual feeds for the 
entire period were weighed out mto. paper. bags; a part of each feed 
being taken from each of the three piles. After five portions had 
been weighed, a small amount of the feed was taken from each of the 
three piles to form a composite sample for chemical analysis. 

The daily ration used was calculated to satisfy the total digestible 
nutrient requiremmts of growing dairy animals as suggested by Fitch 
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and Lush { 2 ). Watson^s (6*) digestibilitjr figures for artificially dried 
grass were used as a basis for calculating these rations. The feed 
proved to be very palatable, and throughout the experiment all that 
was offered the animals was readily eaten. Distilled water was 
available to the animals at all times. Three-fourths of an ounce of 
chemically pure sodium chloride was fed daily. 

The preliminary feeding period lasted 10 days, the collection period 
15 days. The experimemtal day began at 3.00 p. m., at wliich time 
the live weights of the heifers were recorded. Feeding was done at 
4.30 p. m. and 5.30 a. m. The animals were exercised at 10 a. m. daily. 

The urine and feces were collected by tliree attendants who worked 
in 8-bour shifts. The urine was caught in suitable containers and 
placed in bottles. The 24-hour sample from each heifer was weighed, 
thoroughly mixed, and an aliquot of 10 per cent was taken and 
analyzed daily for nitrogen, calcium, and phosphorus. 

The feces were caught in pails and transferred to covered, gal- 
vanized-iron cans. At the close of each experimental day the feces 
were weighed and mixed, and a representative 5 per cent sample was 
placed in a friction-top lard pail, sealed, and stored in a refrigerator 
at — 10° F. At the close of the collection period, the aliquot samples 
representing the total feces collected from each animal were mixed, 
ground, remixed, and sampled for chemical analysis. 

The analyses of the feed, urine, and feces were carried out by the 
usual standard methods. Determinations of iron and silica were made 
on the feed and feces for the purpose of comparing the apparent 
digestibility of the various constituents of the feed as determined by 
the usual method with the modified procedure suggested by Gallup 
and Kuhlman (4). 


EXPERIMENTAL DATA 

The results of this investigation are presented in four tables. The 
amount of artificially dried herbage consumed and the feces and urine 
voided during the experimental period are given in Table 1. Table 2 
shows the percentage composition of the feed, feces, and urine. In 
Table 3 are shown the quantities of the various feed constituents 
ingested, voided, and retained by each heifer during the 15-day col- 
lection period. This table also shows the apparent digestibility in 
percentage of the feed constituents as determined under the condi- 
tions of this experiment. 

Table 1. — Feed consumed and feces and urine voided (grams) during 15~day 

metabolism trial 


Heifer No. 

Feed con- 
sumed 

Feces 

voided 

Urine 

voided 

107 

102,270 

102,270 

102,270 

125,204 
155,084 
133,090 1 

227, 623 
203, 795 
247, 918 

108 

109 
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Table 2. — Percentage composition of feedy feceSy and urine 


(Dry-matter basis] 


Heifer No. an^l material 
analysed 

Dry 

tnatter 

Crude 

protein 

Nitro- 

gen-free 

extract 

Ether 

extract 

Crude 

fiber 

Ash 

Nitro- 

gen 

C^al- 

cium 

Phos- 

phorus 

107: 

Feces 

Urine 

21.71 

18.81 

30.72 

8. 14 

16.73 

23.60 

3.01 

1.174 

2.39 

,002 

1 87 
.012 

108: 

Feces 

19.66 

18. 31 

t 

30.87 

8. 34 

15. 16 

23.43 

2.93 

3.29 

1.87 

Urine 

1.270 

.004 

.005 

109: 

Feces 

20.99 

20.12 

30.66 

8. 81 

14.86 

22.80 

3.22 

2. .32 

1.84 

Urine. . 

1.032 

.002 

. 009 

All 3 heifers: Feed 

86. 05 

24.64 

39.19 

3.50 

18.09 

11. 18 

3.94 

.78 

.65 



Table 3. — Apparent digestibility of artificially dried pasture herbage fed to each 

animal 

HRIFKR 107 


Itrm 

Dry mut- 
ter 

CYude pro- 
tein 

Nitrogen- 
free ex- 
tract 

Ether ex- 
tract 

Crudeflber 

Ash 

Ingested 

Voided 

Digested 

Digested-. 

..-.grams-. 

do-. 

do. . 

-percent.. 

88,003.34 
27, 181. 79 
60,821.66 
69.11 

21,684.02 

6,112.89 

16,671.13 

76.42 

34, 488. 61 
8,360. 25 
26, 138. 26 
75. 79 

3, 080. 12 
2,212.60 
867.62 
28. 16 

16, 919. 80 
4, 276. 70 
11,644. 10 
73.14 

9, 838. 77 
6,414.90 
3, 423. 87 
34.80 


KEIFEK 108 


Ingested 

grams-- 

88,003.34 

21. 684. 02 

34, 488. .51 

3, 080. 12 

1.5,919.80 

9, 838. 77 

Voided 

do-- 

30,489.61 

5, ,582. 63 

9,412.11 

2, 542. 82 

4, 622. 21 

7,143. 69 

Digested 

. - do-- 

.57,513.83 ' 

16,101.39 

25,076.40 

537. 30 

11,297.59 

2, 695. US 

Digested 

percent-- 

66. 35 j 

1 

74.25 

72. 71 ! 

17. 44 

70.97 

27. 39 


HEIFER 109 


Ingested-. - 

Voided 

Digested--. 
Digested . . . 

-- --grams.- 

... do„ 

do-- 

88,003.34 
27, 935. 69 
60,067. 75 
68.26 

21,684.02 
6, 620. 64 
16,063.38 
74.08 

34, 488. .51 
8, 665. 0.5 
25, 023. 46 
75. 16 

3. 080. 12 

2. 461. 12 
619. 00 

16,919.80 
4, 151. 23 
11, 768. .57 
73. 92 

9,838. 77 
6,369.31 
3, 469. 46 
3.5. 26 

percent-. 

20. 10 

ed b V .3 heifo^ * - 

67.67 

74.92 

74. 55 

21.90 

72.68 

32. 48 


1 


The digestibility coefficients in all cases, with the exception of the 
ether extract and ash, are in close agreement for the three heifers. 
The average digestibility coefficient of 74.92 for crude protein gave 
this artificially dried pasture herbage a digestible crude-protein con- 
tent of more than 18 per cent, which compares favorably with some 
of the higher protein concentrates. 

The dried herbage had a digestible carbohydrate equivalent of 
45.63 per cent and a total digestible nutrient content of 64.74 per 
cent. The high digestibility of the crude fiber contributes materidly 
to the feeding value of this feed. 

The average digestibility coefficient of 21.9 for the, ether extract 
as obtained m this experiment is considerably lower than the 59.6 
per cent obtained by Watson (5) or the 70.6 per cent obtained by 
Woodman and his associates (7). Not only was the digestibility 
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of the ether extract low in this experiment, but considerable variation 
was shown by individual animals. It is possible that the method of 
drying the feed may have depressed the digestibility of the ether 
extract. 

Heifer 108 had the lowest coefficient of digestibility for each con- 
stiriient except protein. This heifer was in much better condition 
than either heifer 107 or 109. The digestibility of artificially dried 
pasture herbage as determined in tMs experiment with dairy heifers 
was uniformly lower than that obtained by Watson (6*) or by Wood- 
man et al. {11) with sheep. 

The average daily balance of nitrogen, calcium, and phosphorus 
for each of the three heifers is given in Table 4. A slight negative 

Table 4. — Average daily nitrogen^ calcium^ and phosphorus balances (in grams) 
for the three heifers during 16~day metetbolism trial 


1 

Nitrogen | 

Calcium 

Pho.sphorus 

Tloifor No. 

Fed 

Elimi- 

nated 

Balance 

Fed 

Elimi- 

nated 

Balance 

Fed 

Elimi- 

nated 

Balance* 

_ .. 

231. 16 
231. 16 
231. 16 

232.68 
232. 12 
230. 68 

-1.52 

-.96 

+..68 

46.67 

45.67 
45. 67 

43. 67 
67.46 
43. 53 

+1.90 
-21.88 
+2. 04 

38.25 
38. 25 
38. 25 

36.64 
38.74 
35. ?8 

+2. 61 
-.49 
+2. 47 


Avora^o biilanco. .. . 



-.63 



-5. 98 



+1.5:1 










average daily nitrogen balance may indicate that some of the pro- 
tein ingested was used for the production of energy. According to the 
apparent di^^estibility figures obtained in this experiment, the ration 
fed these animals furnished an excess of protein but did not furnish 
sufficient energy. In spite of the insufficient supply of energy in the 
ration, each of the three heifers made substantial gains in live weight 
throughout the collection period, which would further indicate the 
utilization of protein material for the i)roduction of energy. 

Heifer 107 had an average initial live weight of 940 pounds and an 
average final weight of 952.8 pounds, indicating a gain of 12.8 poinids 
for the 15-day collection period. Heifer 108 had an average initial 
live weight of 1,023.6 pounds and an average final weight of 1,048.6 
pounds, indicating a gain of 25 pounds dunng the collection period. 
Heifer 109 weighed 875.8 pounds initially, 897.2 pounds finally, and 
gained 21.4 pounds. The average daily gain in live weight per animal 
was 1.32 pounds. 

Heifer 109 showed a slight positive daily nitrogen balance. This 
was the smallest and poorest-conditioned animal of the three. It is 
probable that the energy content of the ration more nearly supplied 
the energy requirements of this heifer and, therefore, not so much 
of the protein digested was used for the production of energy. 

Heifers 107 and 109 showed a positive average daily calcium 
balance of 1.90 g and 2.04 g, respectively, while heifer 108 had a nega- 
tive average daily calcium balance of 21.88 g. Likewise heifers 107 
and 109 had a positive daily phosphorus balance of 2.61 g and 1.53 g, 
while heifer 108 had a negative dailv balance of 0.49 g. The average 
daily intake of calcium per animal was 45.57 g and of phosphorus 
38.25 g, which gives a calcium-phosphorus ratio of 1.2:1. 

144776—32 4 
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Lindsey and his associates (5) were able to secure normal growth of 
Holstein heifers in their third year with an average daily intake of 
2.5 g of calcium per 100 pounds live weight. They found that the 
calcium and phosphorus was retained at the approximate ratio of 
2 to 1. On the basis of the above findings, the heifers in this experi- 
ment were furnished with an abundance of both calcium and phos- 
phorus. However, the retention ratio with the two animals having 
positive calcium and phosphorus balances was about 0.78 calcium to 
1 of phosphorus. With a low calcium and phosphorus retention in 
the case of two animals and a negative balance in the case of the 
third, together with an unusual calcium and phosphorus retention 
ratio, there are apparently some factors that have interfered with 
normal retention of those constituents in this experiment. 

SUMMARY 

Metabolism experiments with three 2-year-old Holstein heifers were 
conducted to determine the apparent digestibility of artificially dried 
pasture herbage and to determine the nitrogen, calcium, and phos- 
phorus balances of these heifers on an exclusive diet of dried herbage. 

The crude protein, which constituted 24.64 per cent of the dry 
matter of the artificially dried pasture herbage, had an average 
digestibility coefficient of 74.92 per cent. 

The average digestibility of the nitrogen-free extract was 74.55 
per cent. 

The digestibility of the ether extract was rather low, the ayemge 
for the three heifers being only 21.90 per cent. This low digestibility 
of the ether extract may possibly have been caused by the drying 
process. 

The crude fiber was found to be 72.68 per cent digestible. The 
digestible crude fiber contributes much to the feeding value of arti- 
ficially dried pasture herbage. 

The nitrogen balances were negative in two of the three cases with 
an average negative balance of 0.63 g daily. 

Two heifers showed a positive daily calcium balance of 1.90 g 
and 2.04 g, re^ectively, while the third had a negative daily balance 
of 21.88 g. This latter ammal also showed a negative phosphorus 
balance of 0.49 g daily, while the other two had positive balances of 
2.61 g and 1.53 g, respectively. 

The average daily intake of calcium was 45.57 g and of phosphorus 
38.25 g, which gives a calcium-phosphorus ratio of 1.2:1. 
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AN EMPIRICAL TEST OF THE APPROXIMATE METHOD 
OF CALCULATING COEFFICIENTS OF INBREEDING 
AND RELATIONSHIP FROM LIVESTOCK PEDIGREES' 


By Jay L. Lush 

Heady Animal Breeding Subsectiony Animal Husbandry Sectiony Iowa Agricultural 

Experiment Station 

INTRODUCTION 

In 1925 ^ Wright and McPhee reported a sampling method for cal- 
culating inbreeding coefficients and relationship coefficients from ran- 
dom ancestral lines of livestock pedigrees. In applying this method 
to a study of the genetic history of the Rambouillet breed of sheep the 
writer had occasion to make some empirical tests of its reliability. 

PLAN OF STUDY 

The study involved a series of samples, each consisting of 400 pedi- 
grees of sheep registered as having been born in a certain year. The 
pedigrees in each sample were systematically selected at regular 
intervals in the appropriate volume of the flock book, without regard 
to breeder, geography, or individual merit. From each of these 400 
pedigrees two random lines of ancestry, one from the sire and one 
from the dam, were traced back to the beginning of the flock book, 
each sequence of sires or dams being determined at random. The 
samples from two years (1916 and 1926) were duplicated to make the 
findings of the study more reliable and to test certain apparent dis- 
crepancies in the genetic trends from period to period. A study of 
the differences between the two 1916 samples and the differences 
between the two 1926 samples is the basis of the present study. In 
taking the duplicate samples, animals already used in the first sample 
were avoided and, as far as possible, animals for the second sample 
were taken from pages other than those from which the first sample 
animals had been taken. 

The second 1916 sample did not agree at all with the first in inbreed- 
ing coefficients, although it did agree fairly well in relationship coeffi- 
cients. The difference in inbreeding coefficients was a little more 
than four times its probable error. This led to a test to determine 
whether the difference lay in the method of sampling the breed or 
in the niethod of sampling the ancestral lines of the pedigrees after 
the pedigrees had been selected. Using the very same animals 
selected in the first 1916 sample, the writer traced back new random 
lines from the sires and dams. The results were in almost identical 
agreement with the findings of the second sample rather than with 
the random lines first run from the first sample. To complete this 
test, new random lines were traced back from the sires and dams of 

> Received for publication Feb. 22 , 1932; issued November, 1932. Journal Paper No. B38 of the Iowa 
Agricultural Experiment Station. 

» W RIGHT, 8, and McPhse, II. C. an approximate method of calculating coefficients of inbreed- 
ing AND relationship FROM LIVESTOCK PEDIGREES. JouF. Agr. Research 31:377-383. 1925. 
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the animals in the second sample of 400 pedigrees. Again there 
resulted almost identical agreement with the first sampling of those 
pedigrees and with the second sampling of the first 1916 pedigrees. 
In the second trials of the two 1916 samples only the inbreeding 
coefficients were studied. 

INBREEDING COEFFICIENTS 

The results of the tests are shown in Table 1. One of the four 1916 
trials was so far out of line with the other three that it demanded an 
explanation. Only seven different ancestors furnished ties in both 
of the 1926 samples. Four different ancestors each furnished one or 
more ties for each of the four 1916 trials, 6 ancestors furnished ties in 
both trials of the second 1916 sample, and 17 of the 28 different 
ancestors that furnished ties in the second trial of the first 1916 sample 
liad also furnished ties in the first trial of that sample. 


Table 1. — Agreement between duplicate samples, each of four hundred iH-column 
pedigrees of Ramhouillet sheep 



Sheep born in 192f5 

Sheej) born in 1916 

Item 



First sample Second sample 


First 

Second 





sample 

sample 

First 

Second First Second 




trial 

trial trial trial 

Inbreeding: 





Ties found 

41 

44 

53 

29 29 29 

Number of different ancestors on 





which the ties occurred 

38 

41 

41 

28 28 27 

Coefficient 

5. 3±0. 5 

5. OiO. 5 

6. 8±0. 6 

3. 7dr0. 4 3. 7±0 . 4 3. 7=fc0. 4 

Inter se relationship: 





Ties found . . 

11 

10 

9 

12 

Coefficient 

2. 7±0. 6 

2. 5i:0. 5 

2 liO. 5 


Relationship to individual animals: 





Registry No.— 





328 - 

2.3 

1.4 

2 5 

3. 5 

922 

4.1 

5.4 

4.8 

5.9 

923 - . 

2.8 

3.6 

1.9 

2 3 

952 

4.4 

4.6 

6.0 

4.8 . 

901... 

5.9 

8.2 

6.3 

6.9 

1230--. . 

1.7 

2 3 

2 4 

1.4 

1245-- 

.9 

1.3 

1.2 

- 1.1 

1201 

20 

3.0 

3.4 

1.6 

1208-- 

2 1 

3.2 

3.2 

20 

2937 

3.6 

4.3 

5.4 

5. 4 

2938 

.5 

.6 

.6 

.4 

2940 

23 

2 6 

2 4 

2.6 

13402... 

5.7 

6.9 

5.4 

6.2 

134a‘) 

3.8 

1.6 

3.0 

2 6 

13400 .. 

3.4 

24 

3.4 

3.9 

18411 

4.7 

3.7 

4.6 

... 6.2 

13420... 

4.4 

6.7 

6.8 

5. 4 

13435 

5.4 

6.6 

7.9 

6. 4 

13430. - 

3.7 

6.0 

8.5 

6.1 

13442 

6.6 

6.2 

7.9 

8.1 

13454 

6.6 

&2 

6.0 

... - -- 6.1 . . 

17619 

a3 

4.6 

6.2 

6.2 . 

20079 

3.6 

2 4 

27 

1. 1 

29311 

4.9 

0.4 



29510 

6.1 

6.8 

6.5 

6. 8 

31622 

3.8 

24 



34671 

5.0 

5.6 



37853 

6.9 

4.9 



39616 

28 

2.8 

1.2 

.6 - * 

39636 

6.9 

8.6 

6.2 

5.5 

62810 

5.6 

5.1 

6.5 

6.0 

69456 

5.0 

6.9 



98869 

6.7 

7.2 
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(r- The random sequences were obtained in these studies by tossing a 
penny for each sequence instead of establishing a chain of some 
thousand sequences and following that chain through again and 
again, as was suggested by Wright and McPhee. It seems certain 
that the discrepancy in the first trial of the first 1916 sample arose 
on account of a systematic error that inadvertently crept in through 
the use of this method. When a new sequence was desired, a penny 
was drawn from the box and laid on the table and the sire or dam 
was selected according to whether head or tail of the penny was up. 
When the first trial of the first 1916 sample was run, the two lines 
from a single pedigree were carried back simultaneously, as it was 
often possible to look up two pedigrees in a single volume of the 
flock book. 

Evidently the person doing tliis work often laid a penny on the 
table, determined a sequence from it, and then in looking up the 
next sequence in the other line forgot that the penny lying there had 
already been used in determining the previous sequence. Thus he 
often used a single penny throw for two sequences from the same 
volume of the flock l)ook and in the two lines running back from a 
single pedigree. Part of the evidence for this is the fact that in 
this trial an unusual number of ties were found on very recent ances- 
tors in pedigrees taken from consecutive or almost consecutive pages 
of the flock book, and on ancestors which did not often appear at all 
in other pedigrees. In the Rambouillet flock book there are often 
several consecutive pages of pedigrees registered from a single flock. 
If in such a flock the breeder was rather extensively using the son of 
one ram on daughters or granddaughters of the same ram, and if 
the person tracing the two lines simultaneously from the same 
pedigree often forgot and used the same penny throw a second time, 
the results actually found would have been almost inevitable. Addi- 
tional evidence in favor of tliis explanation comes from the fact that 
others working with this method in this laboratory often found 
themselves consciously in doubt as to whether they had just used or 
were just getting ready to use a given penny in the tracing of these 
lines. Wlien the worker was aware of this, the doubtful penny was 
discarded, but a worker not constantly on guard might often use the 
same penny throw twice. The systematic error that would result 
would not affect the relationship coefficients materially. Of course 
there is no reason to expect often such remarkably close agreement 
as was actually observed between the other three 1916 trials. 

RELATIONSHIP COEFFICIENTS 

On the advice of Doctor Wright a slight departure was made from 
the method outlined by Wright and McPhee.® In calculating the 
inter se relationship within the sample of 400 pedigrees, one line from 
one pedigree was matched with another line chosen at randoin from 
among all the other pedigrees. When a line was once used in this 
matching process, it was marked and was not again used for this 
purpose. Thus from four hundred 2-column pedigrees there were 
400 matchings of one line against one line, no line being used a second 
time. 


• Wright has called attention to an error in the printed statement of Wright and McPhee 's method in the 
twelfth line on p. 388 whioh reads: tie in a comparison of four-column pedigrees (four possible ties) 

• » * u ipjjg ‘*fom-.ooiumn” should be “two-oolumn.” 
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The relationship of individual animals to the entire breed is made 
up partly of direct relationship and partly of collateral relationship. 
For example, a given animal, B, may be found as an ancestor in 16 
out of a possible 800 lines in a sample. That is direct relationship. 
In addition to this, B^s sire and dam may perhaps be found in 12 more 
lines which do not trace to them through B but through some of B^s 
half or full brothers or sisters. This would bring about a certain 
amount of genetic resemblance between B and the entire breed by 
collateral relationship. More remote ancestors may also contribute 
to this relationship, although of course the additional contribution 
made by another collateral appearance of an ancestor is approximately 
halved with each generation farther back the ancestor is in the 
pedigree. 

The probable errors for the coefficient of relationship between an 
individual and the entire breed will depend in part on how much of 
the relationship is direct and how much is collateral. The collateral 
relationship is spread out over a larger number of ancestors, and the 
probable error contributed by finding or failing to find a particular 
ancestor decreases as that ancestor becomes more remote. The 
maximum probable errors for these relationship coefficients occur 
where all the relationship is direct. The following probable errors 
are approximately correct if one-half of the total relationship found 
is direct, one-fourth of the total amount is collateral through the two 
parents, and the remaining one-fourth is collateral through the four 
grandparents. On the whole, this gives probable errors that are 
smaller than they should be for most of the mdividual animals shown 
in Table 1. Consequently the differences between the coefficients 
from duplicate samples in Table 1 will, when compared with these 
probable errors, appear more significant than they really are. The 
approximate probable error of the difference between two coefficients 
of relationship, each calculated from a sample of 800 random lines, is 
as follows ; 


Size of 
cocfllcicnt 

Probable error 
of difference 
between two 
such (J(K‘fn- 
cients 

Size of 
coefficient 

Probable error 
of differenco 
between two 
such coefTi- 
ci(*nts 

Per cent 

2 

0. 40 

Per cent 

6 

0.68 

3 

.48 

7 

.73 

4 

.55 

8 

.78 

5 

.62 

9 

.82 


When these approximate probable errors are compared with the 60 
differences between the coefficients for the same animal in duplicate 
samples, 22, or 37 per cent, of those differences are less than these 
probable errors; 35 per cent of them exceed twice these probable errors, 
and 6, or 8 pr cent, of them exceed three times these probable errors. 

The probable errors were calculated exactly for these five largest 
differences, and it was found that two were really less than three times 
their probable errors, while the other three (20079 in 1916, 1261 in 
1916, and 13405 in 1926) were 3.4, 3.7, and 4.0 times their respective 
probable errors. In a group of 60 differences one would expect two 
or three to exceed the limits of three times their probable errors just as 
a matter of chance. 
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Figure 1 shows graphically the agreement between the number of 
times ancestors were found in the first and second 1926 samples. 
All ancestors found as many as five times in either sample are included. 
Those not found five times in at least one sample are certainly not 
important. In general, close agreement is evident. Since the number 
of times an ancestor is found is not entirely independent of the num- 
ber of times each of its descendants or ancestors is found, it was not 
thought worth while to reduce the facts shown in Figure 1 to math- 
ematical terms. 



Fir.tiRE 1.' The relation between the number of times an ancestor was found among the 800 random 
linns in the first 1926 sample and the number of times that the same ancestor was found in the 
S(K) random lines of the second 1926 sample. Anwstors not found as often as five times in either 
sample have been admitted 

CONCLUSION 

These empirical tests of the method of Wright and MePhee lead 
to the conclusion that the method is about as accurate as its theoreti- 
cal probable errors indicate, if all sources of systematic error which 
might prevent the lines from being truly random are carefully avoided. 
One must be continually on guard, however, against systematic errors 
which at first thought appear to be so trifling as not to be worth atten- 
tion, but which under certain circumstances may creep into the 
supposedly random tracing of the lines. 



OXIDATION-REDUCTION POTENTIALS AND THE 
HYDROGEN-ION CONCENTRATION OF A SOIL ‘ 


By L. G. Wilms 

Soil Chemist^ North Carolina Agricultural Experiment Station 

INTRODUCTION 

The oxidation-reduction equilibrium of soils has had scant attention 
from those interested in soil problems. There can be no doubt that 
it constitutes an important soil property, yet the publications of 
Gillespie ^ and of Rcmezow ^ report the only formal investigations of 
the problem. 

A number of observations made in the course of experimental work 
in eastern North Carolina pointed rather definitely to the conclusion 
that liming increased the reductiveness of those soils characterized as 
being naturally poorly drained, strongly acid, and high in organic 
matter. Some preliminary work showed that reproducible oxidation- 
reduction potentials could be obtained with one of these soils provided 
certain details of manipulation were followed. On the basis of this 
work a method was devised and the study of the effect of reaction on 
soil potential was undertaken. 

EXPERIMENTAL DATA 

EFFECT OP LIMING A SOIL ON THE OXIDATION-REDUCTION POTENTIAL 

The soil selected for the w^ork was a Dunbar fine sandy loam, one 
of a group of naturally poorly drained soils of the lower coastal plain 
in North Carolina. Five lots of this soil were limed at different rates 
and stored in 1 -gallon glazed pots at 10 per cent moisture content for 
several months. They were then air-dried, the lumps were crushed, 
and samples for use were kept in glass-topped jars during the work. 

Air-dry storage was adopted because a better-estabhshed equilib- 
rium was maintained tliereby, and also because it permitted greater 
facility in manipulation. Another possible advantage lay in the 
exposure of the soil to air while drying in order to oxidize as far as 
possible any reducing compounds formed by microbial action during 
incubation. 

In preparation for the determination of the oxidation-reduction 
potential, 50 grams of the air-dry soil was shaken for three days in 
an unstoppered 250 c c volumetric flask of pyrex glass with 50 c c of 
distilled water in a constant-temperature air bath at 35° C. Erratic 
results obtained by shaking the sample at room temperature made it 
seem advisable to maintain a constant temperature during this 
operation. 


1 Received for publication Mar. 8, 1932; issued November, 1932. Contribution from the Agronomy 
Depwtraent, North Carolina Agricultural Experiment Station, as Paper No. 57 of the Journal Series. 

• Gillespie, L. J. reduction potentials of bacterial cultures and of water-logged soils. Soil 
Sci. 9: 199-216, Ulus. 1920. 

* ReMEZOW, N. P. die OXYDIERENDSN UND REDUZISRENDEN PK07.BSSE IN DEM PODSOLBODEN. ZtSChr. 

Pflaneenemfthr., Dilngung u. Bodenk. 15:34-44. 1920. 
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On the basis of the results shown in Table 1, the 3-day period of 
shaking the samples was adopted. The potentials recorded are from 
duplicate determinations and are calculated with reference to the 
normal hydrogen electrode. 

Table 1. — Oxidation-reduction potentials of soil-water suspension in duplicate 

determinations 


Period of shaking 

Potentials 

yi hour 

Volt 
+0. 352 
.413 
.424 
.436 
.431 

Volt 

+0.383 

.409 

.435 

.436 

.436 

1 day.... - 

2 days ... 

3 days 

4 days - — 



The entire contents of the flask in which the samples were shaken 
were transferred to a specially constructed electrode flask illustrated 
in Figure 1. 



Figure 1.— Electrode flask for soils: a, Connection for nitrogen supply; b, electrode tubes 


This was made by fusing two glass tubes into the side wall of a 
300 c c round-bottom pyrex-glass flask in such a way that they reached 
nearly to the bottom mside the flask. Platinum foil electrodes about 
5 mm square attached to glass tubing were inserted into these tubes 
and were held in place about 15 mm from the bottom by means of 
tightly fitting rubber stoppers at the tops of the tubes." The two 
tubes provided for duplicate readings from independent electrodes. 
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The electrode flask containing the soil-water mixture and with the 
electrodes in place was put into a controlled-temperature water 
bath at 35° C., and the air was withdrawn through the neck of 
the flask bjr means of an efficient vacuum pump, while the stop- 
cocks leading into the electrode tubes were closed. After live 
minutes the stopcocks were opened enough to permit slow aspiration 
at reduced pressure with pure nitrogen gas. This was obtained by 
passing commercial tank nitrogen through an oxygen-absorption 
apparatus similar to the one described by Kendall.^ 

Aspiration was continued for 10 minutes, then the connection to the 
vacuum pump was closed and the electrode flask filled with nitrogen. 
The cocks admitting the nitrogen were then closed, and a partial 
vacuum was drawn, which was released with air at the neck of the 
electrode flask. This forced the soil-water suspension into the 
electrode tubes, covering the electrodes completely. The position 
of the electrodes in the tubes protected them from contact with oxygen 
either directly or by diffusion after the flask was opened. 

After the electrodes had been immersed in the soil-water suspension 
1 0 minutes a salt bridge from a saturated calomel cell was inserted 
through the neck of the flask to the soil suspension in the bottom and 
the potential difference read. Five minutes later another reading 
was taken. 

There was usually a fair agreement between these readings, but 
since the change was usually toward a better conformity between the 
two electrodes at the second reading only the latter is reported. 
Successive readings over a period of several hours showed a slow drift 
toward a lower potential, but the differences between soils having 
different treatments were alw^ays approximately of the same order. 

No attempt was made to test the necessity for removing the oxygen, 
which was done as an extra precaution to eliminate as far as possible 
all causes of erratic results. The potentials could hardly have been 
influenced by oxygen, as a calculation shows that the oxygen pressure 
as indicated by the potentials and pH values was approximately 
10"^ atmospheres. 


Table 2. — The effect of liming on the oxidation-reduction potential of a soil 


Rate of liming in pounds per acre 

Potential 

Reaction 

Electrode 

A 

Electrode 

B 

Average 

None.. __ ^ 

Vck 
+0.433 
.415 1 
. 352 ! 
.302 
.296 
.290 

1 

Volt 

+0.43.3 

.419 

.344 

.304 

.299 

.298 

VoU 

+0.433 

.417 

.348 

.303 

.298 

.297 

pTI 
5.14 
6. 10 
6.5.3 
7.65 
7.72 
7. 75 

1,000 

2,000 

4,000 

6,000 

8,000 



The potentials given in Table 2 were read from duplicate electrodes 
in the same soil-water suspension. They are in virtual agreement 
with several other series run on the same samples in preliminary 
trials of the method. 

Reactions were determined bj[ means of the hydrogen electrode. 
The evidence appears conclusive that liming decreased the oxida- 
tion-reduc tion potential of this soil. The effect is undoubtedly a 

^ Kendall, E. C. the rekoval or traces of oxygen from nitrogen. Scienro (n. s.) 73: 394-397, 



574 


Journal oj Agricultural Research 


Vol. 46, No. 9 


complex one, but there is some support in these results for the opinion 
that the lower potentials with the higher rates of liming are largely 
due to decreases in the hydrogen-ion concentration. 

The evidence is not conclusive, however, because of the many 
possible elfects of liming other than the modification of hydrogen-ion 



Fiourb 2.— -Electrode tube for soil solution: c, Outlet to 
vacuum line; 6, connection for nitrogen supply; c, outlet 
for withdrawing samples fcnr pH determination; d, calomel- 
olootrodo contact; e, outlet for flushing salt-bridge contact 

concentration. A closer approach to proof is found in some potentials 
obtained in a soil solution, the reaction of which was changed by 
titration with hydrochloric acid. 


RELATION BETWEEN THE REACTION AND OXIDATION-REDUCTION POTENTIAL OP 

A SOIL SOLUTION 

A sample of the soil used in the other experiments was mixed with 
calcium carbonate at the rate of 5 tons per acre and stored for several 
weeks at a moisture content of 16 per cent. This was then packed 
into an 8-liter glass percolater and the soil solution displaced with 
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water. About 150 c c of tliis solution was caught in the apparatus 
illustrated in Figure 2 from which the air had been displaced by 
nitrogen. 

Oxygen was eliminated as before by reduced pressure and replace- 
ment with nitrogen, and potentials were read from duplicate elec- 
trodes placed in the apparatus near the bottom. Small portions of 
the solution were withdrawn for the determination of hydrogen-ion 
concentration, and then one-hundredth normal hydrochloric acid was 
added from a burette. The solution was well stirred by aspiration 
with nitrogen and the determinations repeated. 

The results (fig. 3) show an inverse linear relation between oxida- 
tion-reduction potential and pH value. 



Fnii'RE 3.~Oxi<lation-re(iuction iwtantials of u soil solution at dif- 
ferent pU values 

DISCUSSION 

The results reported in this paper arc not in agreement with those 
of Remezow, who showed that limed soils had higher potentials than 
unliraed soils. Since the limed soils in the work he reported received 
applications of manure also and since the lime was applied several 
years prior to the determination of the potentials, his results are 
hardly comparable with those reported here. 

Many applications of the data to recognized soil phenomena are 
suggested, but a discussion of these would necessarily be based on 
assumptions that are capable of proof. 

SUMMARY AND CONCLUSIONS 

The oxidation-reduction potential of a soil characterized as nat- 
urally poorly drained, strongly acid, and high in organic matter 
varies inversely with the pH values produced by liming. 

A similar result is observed when the displaced solution from the 
limed soil is titrated with very dilute acid. 

Within the category of soils where this relation between oxidation- 
reduction potential and hydrogen-ion concentration holds, rates of 
liming must be gauged with reference to the possible effects of the 
increase in reductiveness of the soil at the higher pH values. 
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QUALITY, SIZE, CAPACITY, GROSS ANATOMY, AND 
HISTOLOGY OF COW UDDERS IN RELATION TO MILK 
PRODUCTION ' 

By W. W. SwETT, Senior Dairy Husbandman; Fred W. Miller, Senior Veteru 
narian and Physiologist; and R. R. Graves, Chief, Division of Dairy Cattle 
Breeding, Feeding, and Management, Bureau of Dairy Industry; and G. T. 
Creech, Veterinarian, Pathological Division, Bureau of Animal Industry, 
United States Department of Agriculture ^ 

INTRODUCTION 

The generally persistent belief among teachers and other profes- 
sional men in dairy-cattle and veterinary work that the capacity for 
storing milk in the cow’s udder is not more than about one-half pint 
to each (juarter, and that the greater part of the milk obtained at any 
milking is secreted during the milking process, has bt^en discussed in 
a previous publication.^ Evidence has been presented which shows 
beyond question that a very large proportion, if not all, of the milk 
obtained at any milking is stored within the udder before the milking 
process is commenced.^ 

The purpose of this paper is to discuss the quality, sip., and general 
charac.teristics of the udders used in post-mortem milking studies; to 
describe and illustrate thoii’ gross and microscopic anatomy; to show 
that not only is the milk stored within the udder, but that the capacity 
of the secretory system is sufficient to hold considerably more than 
the quantity produced at a milking; and to show the relation of udder 
characteristics to the demonstrated producing ability of the cow. 

The regular procedure adopted for studying the mammary gland in 
relation to its producing capacity is to examine it frequently and 
regularly through its different stages of development and activity, to 
determine its sisse (empty weight), to measure the capacity of its 
secretory system after amputation, and to study the gross and micro- 
scopic structure and the physical properties of its tissue. 

METHODS OF STUDY 

JUDGING THE CHARACTERISTICS OF THE UDDER BY ANTE-MORTEM 
EXAMINATION 

Ante-mortem examinations to determine the comparative type, 
quality, and general characteristics of uddere are made on all cows in 
the breeding herd of the Bureau of Dairy Industry at Beltsville, Md. 
Observations of this character have been made on more than 250 cows. 


> Received for publication Feb. 4, 1»32; issued November, 1932. 

* The histological study of the udders on which this report is based was made possible through the cour- 
tesy of J. R. Mohler, Chief of the Bureau of Animal Industry, who made available the personnel and 
facilities of the Pathological Division for the conduct of that phase of the work. 

» SWETT, W. W. RELATION OF THE CONFORMATION AND ANATOMY OF THE DAIRY COW TO HER MILK AND 
BITTTERFAT PRODUCING CAPACITY. UDDER CAPACITY AND MILK SECRETION. JoUr. Dairy Sci. 10: 1-14. 
1927. 

‘ . Op. Clt. 

Miller, F. W., and Graves, R. K. quantity of mii.k obtained from amputated cow udders. 

Jour. Agr. Research 46: 386-400, illus. 1032. 
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In most cases monthly observations have been made through at least 
one lactation period. The condition of the udder is determined by 
visual examination, by manipulation, and by palpation. More than 
30 items are recorded at each examination. Only a few of the items 
which may be significant in relation to ^^quality of udder’^ are dis- 
cussed in this paper. These are (1) looseness of udder, (2) ''yield- 
ability^^ of udder, (3) softness and mellowness of gland tissue, (4) 
abundance of fiber, and (5) average free space. 

The looseness of the udder is the extent to which its covering can 
be stretched. The "yieldability” of the udder is the degree to which 
it responds to pressure. The softness and mellowness of the gland 
tissue is the extent to which it responds to kneading, and is judged 
entirely by palpation. The abundance of fiber present in the gland 
tissue also is determined by palpation. Gland tissue which is rough and 
harsh and appears to be corrugated on the surface is classed as fibrous. 
That which feels smooth and of uniform consistency is classed as not 
fibrous. The free space above each teat is the distance above the 
base of the teat which can readily be compressed without marked 
resistance. This is determined for each quarter, but since a con- 
siderable variation is found in the different quarters of the same udder, 
the average is used as an index of free space for the udder. 

It is recognized that in any grading system based on judgment, 
the personal element can not be entirely avoided. The use of such a 
system, however, is necessary in dealing with factors that can not be 
definitely measured, and is considered satisfactory for this study. 

Looseness and yieldability of the udder and softness and mellow- 
ness of the gland tissue are generally accepted as indicative of good 
udder quality, and therefore are considered desirable. An abundance 
of fiber within the gland tissue of an udder is not ordinarily considered 
desirable, but does not necessarily indicate lack of quality. The 
amount of free space above the teat in each quarter might be con- 
sidered as indicative of the size and character of the cistern. The 
amount of free space may be associated with udder quality because 
it is almost certain to be relatively greater in a loose, soft, and mellow 
udder than in a tight and hard one. 

In evaluating the observations of udder quality, a grading system 
is used for each of the quality items, the grades ranging from a maxi- 
mum of 9 to a minimum of 1. In each case a grade of 9 indicates the 
maximum of the characteristic under consideration, but does not 
necessarily signify excellence. For example, in the case of degree 
of fiber within the gland tissue, a grade of 9 would indicate extreme 
abundance of fiber r^ardless of whether a fibrous condition is desirable 
or objectionable. To illustrate the application of this grading 
system to characteristics ordinarily described in words, the nine 
grades for looseness and their word equivalents are given as follows: 
9, extremely loose; 8, very loose; 7, loose; 6, medium to loose; 5, 
medium; 4, medium to tight; 3, tight; 2, very tight; and 1, extremely 
tight. The same grades can be applied to any of the items under 
consideration. As the free space can be measured in definite units, 
it is first recorded in inches. In order to permit the data for free 
space to be combined with grades for other items representing 
quality, the measurements of free space are converted into similar 
grades ranging between 1 and 9, Both inches and grades are given. 
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A combination of the grades for each of the five quality items is 
referred to as the composite grade for quality. 

Ordinarily ante-mortem observations arc made both before and 
after milking. The after-milking grades are used whenever they 
differ from the premilking grades. In all but three of the cases 
reported in this paper the ante-mortem observations were made 
witliin 16 days of the time of slaughter. The udder of cow 459 was 
examined 27 days before slaughter. At the time of slaughter cow 
123 was just finishing the seventh month of a lactation period. The 
latest previous examination of her udder for quality was made late in 
the previous lactation period and is considered satisfactory for use. 
The latest examination of cow 272 was made when she had just 
finished the twelfth month of her first lactation and was nearly dry. 
She was not killed until 651 days later, when she was in an earlier 
stage of her third lactation and was producing 20 to 24 pounds of 
milk on one milking daily. Because of the difference in age, stage 
of lactation, and length of time between observation and slaughter, 
the observation grades for this cow are omitted. 

The external form and general characteristics of the 11 udders as 
they appeared before the death of the cows are illustrated in Plate 1 . 

POST-MORTEM STUDIES OP THE AMPUTATED UDDER 

In studying the size, capacity, and anatomy of the mammary gland 
in relation to its ante-mortem characteristics and its producing 
capacity, the udder is amputated immediately after the cow is 
killed and bled. After amputation the udder is attached to a frame 
in as nearly as possible a natural position and suspended by its sur- 
rounding skin and the median septum. Jf post-mortem milking 
tests are conducted they take place at this time. The empty weight 
of the amputated udder is then determined either by direct weighing 
or, when post-mortem milking tests are conducted, by deducting 
the weight of its contents from the total weight of the udder and 
contents. The secretory system of half of the udder is then filled 
by injecting 10 per cent formalin through the teats, the amount of 
fluid retained being used as a measure of the capacity of the secretory 
system of that half. After the half is filled the udder is divided into 
halves by cutting along the median septum. The filled half is frozen, 
cut with a saw into vertical transverse sections approximately 1 inch 
thick, and each section is photographed to furnish a permanent 
record of the gross anatomy of the gland at regularly spaced planes 
from its anterior to its posterior extremity. Blocks of tissue are 
taken from definitely located areas of both quarters of the untreated 
half for histological study. 

Rkcoverv op Milk from the Amputated Udder 

The percentage of post-mortem recovery, or proportion of ante- 
mortem yield of milk obtained by milking the amputated udder, has 
been determined for each of the 11 cows discussed in this paper. The 
method employed in arriving at the percentage of post-mortem re- 
covery was to determine over a period of 10 days the ante-mortem 
milking level of the cow. During this period the cow was milked, fed, 
and watered at a definite hour and every effort was made to maintain 
uniformity in her management. Slaughter took place on the eleventh 
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day, at the hour on which milking had taken place on previous days. 
As soon as the cow was stunned and bled the udder was amputated, 
suspended from a suitable frame in a natural position, and milked out 
by hand in the usual manner. Four hours later a second post-mortem 
milking took place for the purpose of removing the milk which had 
meanwhile drained into the cisterns and lower ducts. By dividing 
the total number of pounds of milk obtained in the first and second 
post-mortem milkings by the average number of pounds of milk 
obtained at corresponding ante-mortem milkings, the percentage of 
post-mortem recovery was obtained. 

Size (Empty Weight) of Udder 

Size of udder is very difficult to determine in the living cow. Udders 
vary greatly in shape, and the definite landmarks necessary for measur- 
ing udder dimensions are not readily established. Furthermore, a 
determination of udder volume in the living cow by displacement 
would be attended with many difficulties. For example, it would be 
nearly impossible to make any equitable allowance for the degree of 
concavity of the upper surface of the udder, which is affected by varia- 
tions in the inaccessible contour of the abdominal wall within the 
boundaries of the udder attachment. In these experiments each cow 
was slaughtered before being milked. The difference between the 
weight of the amputated udder in pounds before the post-mortem 
milking was performed and the total number of pounds of milk ob- 
tained at the first and second post-mortem milkings was used to 
represent the size or empty weight of the udder. 

The retention of small quantities of milk, which in some cases was 
indicated after the second post-mortem milking, conceivably would 
introduce an error in the empty weight of udder as determined in this 
manner. Such an error in actual practice, however, was probably 
relatively slight and appears to have been unavoidable. 

Capacity op Udder 

As previously stated, the secretory system of half of the udder 
(usually the right half) was filled by injecting 10 per cent formalin 
throiigh the teats, the quantity of formalin retained within this half 
of the udder being measured . Twice the quantity of formalin retained 
in the half of the udder filled in this manner gives the calculated 
volume capacity of both halves. This total volume in cubic centi- 
meters is divided by 1,000 and multiplied by 2.2725 to give the ‘‘milk- 
equivalent capacity of the udder,’’ or the weight in pounds of an equal 
volume of milk of average specific gravity. In the discussions which 
follow, “udder capacity’’ or “capacity of udder” refers to “milk- 
equivalent capacity of the udder,” determined in this manner. 

In the first 10 cases here reported, the formalin was injected by 
pressure obtained with a hand pump, but in filling the first 5 of these 
amputated udders the amount of pressure was not recorded. A gage 
was then attached to the pump to show the pressure at the point of 
injection (the teat). Accurate determination of the pressure by this 
method was difficult, for it might be 16 to 30 pounds on the stroke of 
the pump but would diminish as soon as the stroke was completed. 
The stabiHty of pressure after cessation of pumping varied consider- 
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Plate 2 



A, Vertical transverse section through a rear quarter of udder 459; B, photomicrograph of tissue from udder 459 



Vertical transverse section through a rear quarter of udder 292; B, photomicrograph of tissue from udder 292 




V^ieal tnuiSYerse section through a rear quarter of udder 123; B and C, photomicrographs of tissue from uddmr 123— B, from normal-functioning quarter; 

C. from “blind” quarter 
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PLATE 5 



A, Vertical transverse section through a rear quarter of udder 272; B, photomicrograph of tissue from udder 272 
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Plate 6 



A» Vertical transverse section through a rear quarter of udder 846; B, photomicrograph of tissue from udder 846 
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Plate 7 



At Vertical transvra^ section through a rear quarter of udder 903; B, photomicrc^raph of tissue from udder 903 
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A, Vertical transverse section through a rear quarter of udder 811; B and C, photomicrographs of tissue from udder 811— B, from undersized quarter producing 

relatively small quantity of milk; C, from quarts recently affected by garget 
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Plate 9 



A, Vertical transverse section through a rear quarter of udder 257; B, photomicrograph of tissue from udder 257 
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Plate io 



A. Vwtical transverse section through a rear quarter of udd^ 253; B, photomicrograph of tissue from udder 253 
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Plate ii 



A, Vertical transverse section through a rear quarter of udder 443; B, photomicrograph of tissue from udder 443 
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PLATE 12 



A, Vertical transverse section througlCa rear quarter of udder 255; B, photomicrograph of tissue from udder 255 
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ably with different udders. Pumping was continued until the udder 
was firm and well distended and the pressure had become fairly steady. 
For the next 5 udders the pressure became reasonably stable at SK to 
6 pounds, or at an average of about 5 pounds. Later a tank was 
installed at an elevation sufficient to produce a gravity pressure of 10 
pounds at the level of the udder,' making it possible to obtain a 
constant pressure. About five minutes was required to fill an udder. 
The eleventh udder was filled by gravity pressure in the manner 
described. 

Relation of Capacity to Weioht of Uddek 

The ^^relation of capacity to weight of udder expressed as a per- 
centage is obtained by dividing the udder capacity by the weight of 
the empty udder and multiplying the result by 100. This relationship 
indicates the fluid-holding capacity of the secretory system for each 
100 pounds of udder weight, and in. a sense signifies the relative 
openness, porosity, or sponginess of the udder tissue. 

Gross Anatomy 

The gross anatomy of the cow^s udder has been known in a general 
way for many years. Little is known, however, of the relation of the 
gross anatomy to the individual development, quality, and* general 
characteristics of the udder, and the maximum pi*oducing capacity of 
the cow. A comparative study of this nature has })een undertaken in 
the experiment-station herd of the Bureau of Dairy Industry at Belts- 
ville, Md. Partial results are reported in connection with the 11 
cows on which this report is based. The method of preparing and 
]>hotographing consecutive vertical transverse sections from the 
extreme rear to the extreme front of one half of the udder has pre- 
viously been outlined.® Plates 2 to 12, inclusive, show for each of the 
1 1 lactating udders the gross anatomy of a section through the rear 
teat. A brief description of the gross structure of a rear quarter of 
each amputated udder appears in the discussion of the udder char- 
acteristics, life history, and performance of the individual cows.” 

Great variations in type are shown in the illustrations of gross 
structure. Some of the udders have large, distinctly circumscribed 
and undivided cisterns, whereas others have very small cisterns which 
may be distinct in outline or which may consist only of a network of 
small communicating cavities. In some of the udders the tissue 
appears to be firm and dense; in others it is open and porous and the 
large ducts are distribiited over a large proportion of the surface of the 
sections. Some of the udders have large quantities of connective 
tissue, appearing in white streaks; others have comparatively little. 

Measuring any one of these three variables — relative size of cistern, 
openness of tissiie, and proportion of connective tissue — in definite 
units would be particularly desirable, but obviously is difficult if not 
impossible. Some means of grading the udders or of comparing them 
wdth each other on the basis of these three variables is desirable in 
order that they may be correlated with udder quality characters, post- 
mortem recovery of milk, size (empty weight) of udder, udder capac- 
ity, and milk-production records. 


! the Bureau of Dairy Industry, U. S. Dept, of Agr., Dec. 11, 1929, p. 8. 

• The age ana stage of lactation of each cow studied are given in Table 1. 
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In the absence of a satisfactory method of recording these character- 
istics in definite units of measure, the 9-unit grading system previously 
described was used . Four men working indeijendently assigned grades 
to each of the three variables, and a composite of the four individual 
ratings so obtained for each variable was prepared for use as a basis 
for determining the previously mentioned relationships between gross 
anatomy and the quality, capacity, and performance of the udder. 
Remarkable closeness in agreement was shown by those who graded 
the gross anatomy variables. 

In addition to the grading of the gross-anatomy characteristics just 
described, an attempt was made to measure with a planimeter the 
size of the cistern. Photographs of two or more sections through a 
rear quarter of the udder were selected as representative. The photo- 
graphs were the same as those used in assigning grades to the gross- 
structure characteristics. The cistern was measured as accurately 
as possible, then the area of the entire section was determined and 
the ratio of the former to the latter was calculated. On account of 
the very great variation in type and sh^e of cisterns, measurement 
of their areas was usually extremely difficult. Measurement of the 
distinctly circumscribed cistern, however, was comparatively simple 
even though its surfaces tapered so greatly that the areas at the 
two cut surfaces of a single section were in many cases greatly different 
from each other. Measurement of the divided cisterns, and in some 
cases this condition was extreme, was almost impossible. The 
measured and graded values checked very closely for the larger and 
more open cisterns. In general, however, those udders having divided 
or porous cisterns received a higher rating when graded visually than 
when measured, because during the visual examination allowance 
was automatically made for the area of the small cavities making up 
the cistern. On account of the indefiniteness of the shape and bound- 
aries of these cavities, however, a measurement of many of them 
proved hardly feasible and was omitted. 

Histology ^ 

Although the general microscopic structure of the mammary gland 
has long been known, definite knowk^dge of the comparative histology 
of the udders of different cows, or the relation of histology of the 
udder to its individual characteristics and producing capacity is 
almost entirely lacking. A brief description of the histology of each 
of the 1 1 udders is presented in the discussion of udder characteristics, 
life history, and performance of the individual cows. In each case 
the discussion is based on a study of tissue selected from several 
definitely located areas in the half of the udder not treated with 
formalin. Plates 2 to 12, inclusive, show the histological appearance 
of the tissue from each of the 1 1 udders included in this study.® 

PRESENTATION OF RESULTS 

For the convenience of the reader the data showing the percentage 
of the ante-mortem production obtained by post-mortem milkh^ ^ 
are repeated in Table 1, which also gives grades for quality, size 

7 The histolodcal studies of the 11 adders were made by G. T. Creecb. 

• The age and stage of lactation of each cow studied are given in Table 1. 

• SWETT, W. W,, M 1 LI.BU, F. W., and Graves, R. U. Op. dt. 
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(empty weight), capacity of secretory system, relation of capacity to 
weight, and gross anatomy ratings for the 1 1 udders included in the 
study. The first four cows constitute group 1. The next seven, 
whicii represent more carefully controlled conditions before and at 
the time of slaughter, and maintenance of body temperature in the 
amputated udders, are assembled in group 2. 

SIGNIFICANCE OF UDDER QUALITY 

To show the relationships which may exist between the quality 
grades assigned to udders on ante-mortem examination, and the 
characteristics of the same udders as determined after amputation, 
a number of coefficients of correlation have been determined be- 
tween the six udder-quality items given in Table 1 and the post- 
mortem recoveiy of milk, the size (empty weight) of udder, the 
capacity of udder, and the relation of capacity to weight of udder. 
It is imfortunate that data from a greater number of animals are not 
available for analysis in this study. 

The degree of relationship between the individual udder-quality 
items and the other udder characteristics is shown by the magnitude 
of the simple correlations. A greater number of observations, of 
course, would have made possible a determination of the relation- 
ships with greater accuracy. The relation between any one udder- 
quality item and the post-mortem recovery of milk, for example, 
might be affected by the influence of any or all of the other udder- 
quality items. In order to make this study in the detail desired, 
net relationships by statistical methods would have to be determined, 
wdiich would require establishing the extent of existing correlation 
for each pair of items, holding all other items constant. This has 
not been done, as the data available for this study are not sufficient 
to justify it. 


Rbcoveuy of Milk From Amputated Udders 

The degree of relationship between the ante-mortem udder-quality 
items listed in Table 1 and the post-mortem recovery of milk from 
the amputated udders is indicated by the correlation coefficients 
which follow: 


Looseness of udder +0. 7686 ± 0. 0905 

Yieldability of udder -f . 7964 ± . 0780 

Softness and mellowness of gland tissue -f . 4063 :t: .1781 

Abundance of fiber.. + . 5837 ± . 1406 

Average free space (inches) -h . 6089± .1342 

Composite grade for quality + .8451± .0610 


Every coefficient of correlation in this group is positive, and with 
one exception (softness and mellowness of gland tissue) every one is 
significant. It appears, therefore, that a definite relationship exists 
between the quality of the udder as judged on ante-mortem exami- 
nation and the post-mortem recovery of milk. It seems reasonable 
to suppose that milk could be drawn more completely and more 
quickly from an udder of good quality than from one of poor quality. 

Throoghout this paper, in presenting each coefficient of correlation a straight line relationship is tis" 
Slimed between the two variables. 
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Size (Empty Weight) or Udder 

The degree of relationship between each of the ante-mortem udder- 
qiiality items, and the size (empty weight) of udder is shown by the 
following correlation coefficients: 


Looseness of udder —0. 2868 ±0. 1957 

Yieldability of udder — . 6363 ± . 1272 

Softness and mellowness of gland tissue — . 6397 ± .1612 

Abundance of fiber — . 3563 ± . 1864 

Average free space (inches) ~ . 6180 d= . 1661 

Composite grade for quality -- . 6666± .1214 


In contrast to the coefficients of correlation for post-mortem 
recovery of milk from the amputated udders, of which all are positive 
and all but one significant, those for size of udder are all negative, 
indicating an inverse relationship, and only two (yieldability of 
udder and composite grade for quality) are definitely significant. 
Two others (softness and mellowness of gland tissue and average free 
space) are of moderate or doubtful significance. Looseness of udder 
and abundance of fiber appear U) have no relation to size of udder. 
A negative or inverse relationship between quality and size of udder 
is indicated. 

Capacity of Udder 

The degree of relationship between each of the udder-quality items 
and capacity of udder is sliown by the following correlation coeffi- 
cients : 


Looseness of udder —0. 0488 ±0. 2128 

Yieldability of udder -h . 0882± .2116 

Softness and mellowness of gland tissue 4- . 0644:1: . 2127 

Abundance of fiber 4* .0899± .2116 

Average free space (inches) -f- . 2198± . 2030 

Composite grade for quality 4- . 1473± .2087 


In this group one^ coefficient is negative and five are positive, but 
the probable error is greater than the coefficient, except in one case 
whore they are nearly equal. None of the correlation coefficients 
in this group is of any significance whatever. Apparently quality 
and capacity were not in any way related in this group of udders. 

Relation op Capacity to Weight of Udder 

The degree of relationship between each of the ante-mortem udder- 
quality items and ^‘relation of capacity to weight of udder’’, which is 
an index of its relatiye fluid-holding capacity or its porosity, is 
indicated by the following correlation coefficients; 


Looseness of udder +0. 2112 ±0. 2038 

Yieldability of udder 4* . 6366 ± . 1271 

Softness and mellowness of gland tissue -4- . 5591 ± . 1466 

Abundance of fiber 4- . 3284± .1903 

Average free space (inches) 4- . 5748 i . 1428 

Composite grade for quality 4* • 6767 ± .1156 


Every one of the coefficients in this group is positive. Three of 
them (yieldability of udder, average free space, and composite grade 
for quality) are distinctly sigmficant, and another (softness and 
mellowness of gland tissue) might be classed as significant. The 
nther two (looseness of udder and abundance of fiber) are not signifi- 
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cant. The similarity between the coefficients in this group and those 
for size (empty weight) of udder is striking, although all of those for 
relation of capacity to weight of udder are positive, whereas all of 
those for size of udder are negative. It appears that a number of the 
udder quality characteristics are positively correlated with relation 
of capacity to weight of udder. 

In the four separate considerations of udder quality in relation to 
other udder characteristics, distinctly or moderately significant 
correlation coefficients were obtained for each of the quality items 
the following number of times: Looseness of udder, once; yieldability 
of udder, three times; softness and mellowness of gland tissue, twice; 
abundance of fiber, once; average free space, three times; and com- 
posite grade for quality, three times. The relation of quality grades 
in general to the percentage of post-mortem recovery of milk is the 
most significant, and their relation to the size of udder and to the 
relation of capacity to weight of udder are similar and relatively 
significant, but their relation to capacity of udder is of no significance. 

FACTORS AFFECTING RECOVERY OF MILK FROM AMPUTATED UDDERS 

The possible effect of management and method of killing the cows 
and the condition under which the amputated udders were kept, on 
the post-mortem rec^overy of milk, has been discussed in a previous 
paper." The quantity of milk obtained from the amputated udders 
ranged from 7.20 to 18.70 pounds. The lowest and highest post- 
mortem recoveries were, respectively, 40.31 per cent and 101.03 per 
cent of the quantity obtained at corresponding ante-mortem milkings. 
(Table 1.) The degree of correlation between post-mortem recovery 
and ante-mortem udder quality grades is shown in a previous para- 
graph to be high. The coefficients showing the degree of correlation 
between the post-mortem recovery of milk and the size (empty weight) 
of udder, the capacity of udder, and the relation of capacity to weight 
of udder, follow: 


Size (ernptv weight) of udder “-0. 6750 ±0. 1107 

Capacity of udder - . 0616± .2028 

Relation of capacity to weight of udder 4- . 5611± . 1393 


The highest post-mortem recovery of milk (101.03 per cent) was 
obtained from the second lightest udder, the lowest post-mortem 
recovery (40.31 per cent) was obtained from the second heaviest 
udder, the second and third highest post-mortem recoveries were 
obtained from udders well below the average weight of udders in- 
cluded in this study, and the second and third lowest post-mortem 
recoveries were obtained from udders well above the average in 
weight. The udder of cow 903 weighed 36.90 pounds, which is 
almost the exact average weight for the entire group, and yielded 
71.30 per cent, which is close to the average post-mortem recovery 
(70.15 per cent). In this group of udders, size is negatively or in- 
versely correlated with post-mortem recovery, indicating that the 
small udder of good quality milks out most readily after amputation. 
No correlation was found to exist between capacity of udder and the 
readiness with which it released its milk post-mortem. The relation of 
capacity to weight of udder, however, appears to be positively 

>» SWETT, W. W.. Miller, F. W., and Graves, B. R. Op. cit. 
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correlated with post-mortem recovery or milking-out efficiency. A 
close relationship between quality of udder and relation of capacity to 
weight of udder is again suggested. 

In considering the possible effect of the milking level immediately 
before slaughter on the recovery of milk from the udders after ampu- 
tation, one might logi(*.ally anticipate a lower percentage of post- 
mortem recovery from an udder producing at a high level than from 
one producing at a lower level just before slaughter. The ante- 
mortem production at a milking for the 1 1 cows studied ranged from 
10.37 to 25.80 pounds and averaged 18.62 pounds. The cow having 
the lowest ante-mortem level (10.37 pounds) yielded 09.43 per cent 
on post-mortem milking. The one having the highest ante-mortem 
milking level (25.80 pounds) yielded almost the same proportion (68.99 
per cent) on post-mortem milking. The sixth or middle cow in the 
group, from the standpoint of ante-mortem lactating level, whose 
ante-mortem production (18.51 pounds) w’as very close to the average 
for all the cows, yielded 101.03 per cent, which was by far the highest 
post-mortem recovery recorded for any cow. These facts might indi- 
cate little if any relation between ante-mortem producing level and 
post-mortem recovery. On the other hand, the second and third 
highest post-mortem recoveries (87.31 and 85.09 per cent) were from 
udders whose ante-mortem j)roducing levels were below the average, 
and the two lowest post-mortem recoveries (40.31 and 49.58 per cent) 
wrere from udders whose ante-mortem producing levels were wxdl above 
the average. The coefficient of correlation between the ante-mortem 
producing level of the 11 udders immediately before slaughter and 
the percentage of post-mortem recovery of milk from the same udders 
after amputation is —0.3579 ±0.1773. This coefficient is negative 
but not significant. Apparently the percentage of post-mortem re- 
covery was not materially influenced by the ante-mortem producing 
level. 

SIGNIFICANCE OF SIZE (EMPTY WEIGHT) OF UDDER 

The udders used in this study ranged in weight from 23.30 to 54.15 
pounds, and averaged 36.89 pounds. The size, or empty weight of 
udder, has been shown in a previous paragraph to be negatively or 
inversely correlated with the characteristics ordinarily associated with 
udder quality. It also has been shown to be negatively or inversely 
correlated ( — 0.6750 ±0.1107) with percentage of post-mortem re- 
covery of milk from the udders after amputation. Undoubtedly a 
large udder is essential for liberal production of milk, as it has defi- 
nitely been shown that most, if not all, of the milk obtained at a 
milking is present in the udder before milking is commenced. On 
the other hand, quality of udder is probably of considerable import- 
ance, as the smaller udder of good quality seems to be the one that 
yields its milk most readily on post-mortem milking. Quality may 
be shown by experiments now under way to indicate more rapid and 
complete milking in living cows. The question of a relationship be- 
tween size of udder and capacity of udder should have a practical 
application and be of general interest. For this group of udders the 
coefficient of correlation between size and capacity is 0.3444 ±0.1792, 
which is not significant. Apparently a relationship between these 
two factors does not exist. The coefficient of correlation between 
size and relation of capacity to weight of udder is —0.5631 ±0.1389, 
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indicating that in this group the smaller udders have a greater capacity 
for each unit of weight than do the larger ones. 

In a discussion of size or quality of udder, the matter of breed can 
not be entirely overlooked. The lighest udder was from a Guernsey, 
the second lightest was from a grade Holstein, and the third and 
fourth lightest were from Jerseys. The others were from either grade 
or registered Holsteins. The highest percentage post-mortem re- 
covery of milk was from a grade Holstein, and the lowest was from a 
Holstein. The highest composite grade for udder quality was as- 
signed to a grade Holstein, the next two highest grades to a Jersey 
and a grade Holstein, and the two lowest grades to Holsteins. The 
number of animals of each breed is so small that separate breed corre- 
lations could not be obtained. As far as its effect on the results 
covered up to this point is concerned, however, breed seems to be of 
little importance. 

IMPORTANCE OF UDDER CAPACITY 

The method of determining the capacity of the secretory system 
of cow udders by filling them with formalin and measuring the quan- 
tity of fluid they will hold, has been described in this paper, (p. 579.) 
The capacities of the IJ udders ranged from 28.18 to 65.40 pounds 
and averaged 50.11 pounds. Since the milk, as it is secreted, appears 
to be collected and held in the udder until it is withdrawn at inilking 
time, it would appear that the capacity of the secretory system of the 
udder should be of definite importance. 

The fact that most, if not all, of the milk is stored within the udder 
before milking is commenced, also raises the question of the import- 
ance of frequent milking of cows producing heavily. Results in prac- 
tice indi(‘ate the necessity for more frequent milking of high-producing 
than of low-producing cows. On the other hand, the udder capacities 
given in Table 1 show that cow udders capable of holding 6 gallons 
of milk are not uncommon, and indicate ample space for storing in the 
udder all the milk obtained at a milking. In all probability, however, 
the udder of the living cow is not capable of holding a quantity of 
milk as great as the measured capacity of the amputated udder, be- 
cause at the time of measuring, the blood has been removed from the 
udder, and because the pressure employed in filling it is probably 
greater than that of the milk within the living udder. A theory 
that has been advanced, which seems reasonable and which appears 
to be supported by scientific data, is that as the milk accumulates, 
the pressure within the udder gradually increases, and after a certain 
pressure has been developed, the rate of secretion decreases. In all 
probability secretion would be entirely stopped before a pressure as 
great as that used in filling the udder with formalin is reached. If 
the rate of secretion varies inversely with the accumulation of milk, 
the most rapid secretion should take place soon after milking and the 
greatest total secretion should take place in udders that are milked 
sufficiently often to keep the internal pressure below the point at 
which maximum activity of the secreting cells begins to be checked. 
This is in accord with the common practice of milking heavy producers 
more than twice daily, whereas two milkings daily seem to be sufficient 
for cows in moderate production. 

The udder capacities given in Table 1 for this group of cows range 
from 28.18 to 65.40 pounds and average 50.11 pounds. Those for 
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udders 846, 903, and 811 may be a trifle high, as a layer of ice was 
found beneath the skin when they were sectioned, dthough not in 
sufiicient quantity to affect materially the capacities given. The 
udder that was next to the smallest in size (empty weight) but highest 
in quality, in pounds of milk obtained post-mortem, and in percentage 
of post-mortem recovery, is very close to the highest in capacity. 
The three lowest capacities recorded were obtained for the two Jerseys 
and the Guernsey. Each of the three was below 40 pounds. All the 
Holsteins, both grade and registered, had udder capacities ranging 
from 46.36 to 65.40 pounds. It appears that in this study, wMch, 
however, includes but few animals, breed is more closely associated 
with results based on udder capacity than with results based on 
udder weight or udder quality. For an equivalent butterfat yield, 
the high percentage butterfat breeds would require less capacity for 
milk yield than the low percentage butterfat breeds. It seems 
probable, also, that an udder having a capacity sufficient to hold 50 
pounds of 3 per cent milk could accommodate 50 pounds of 6 per cent 
milk, although the space required for the glands secreting the 6 per 
cent milk may or may not be greater than that required for the glands 
secreting an equal quantity of 3 per cent milk. 

The capacity of the udder has already been shown to have no rela- 
tion to the udder-quality grades. The relation of capacity to post- 
mortem recovery ( — 0.0516 ±0.2028) also is of no significance. The 
correlation between capacity and size of udder (0.3444 ±0.1792) is 
extremely doubtful if at all* significant. Because of the method by 
wliich relation of capacity to weight of udder is determined, a signifi- 
cant and positive correlation between this ratio and udder capacity 
might be anticipated since capacity has a twofold influence. The 
coefiicient in this case is found to be 0.5591 ±0.1398. 

SIGNIFICANCE OF RELATION OF CAPACITY TO WEIGHT OF UDDER 

As previously stated, relation of capacity to weight of udder was 
determined by dividing the capacity of the udder by its weight and 
multiplying the result by 100. In every instance the capacity of the 
secretory system was greater than the weight of the udder. The per- 
centages showing relation of capacity to weight of udder range from 
100.98 to 243.10 and average 142.36. These percentages have been 
shown to be positively and rather definitely correlated with the udder- 
quality grades. Their correlation with post-mortem recovery of milk 
(0.5611 ± 0.1393) and with capacity of udder (0.5591 ± 0.1398) also are 
positive and significant, but tneir correlation with size (empty weight) 
of udder (-0.5631 ±0.1389) is negatively or inversely significant. 
The positive correlation of these percentages with capacity of udder, 
and the similar negative correlation with size of udder, are more or less 
to be expected on account of the method of obtaining the ^'relation^' 
percentages, which gives either capacity or weight a twofold influence 
m determining its correlation with relation of capacity to weight of 
udder. The positive and relatively significant correlations of rdation 
of capacity to weight of udder with udder quality and with post- 
mortem recovery of milk indicate a fairly definite association between 
the throe factors. 
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STAGE OF LACTATION 

The stage of lactation of the cows used in this study varied from less 
than 1 month to more than 23 months when ante-mortem examina- 
tions were made, and from 1 month to 24 months when slaughtered. 
The influence of such a variation in stage of lactation on quality of 
udder, post-mortem recovery of milk, size (empty weight) of udder, 
and capacity of udder is logically questioned. It seems probable that 
the higher quality grades might be associated with advanced lactation, 
and since high quality and high post-mortem recoveries of milk are so 
definitely related, that the cows in advanced lactation would be the 
ones whose udders would milk out most completely post-mortem. 
Neither of these theories, however, is supported by the analysis of the 
data. The coefficient of correlation between stage of lactation and 
the composite grade for udder quality is 0.1280 ± 0.2098, and that be- 
tween stage of lactation and percentage post-mortem recovery of milk 
is —0.0581 rL 0.2027. The decrease in magnitude of udder with 
advance in lactation is a cominon observation which would lead one 
to anticipate a negative relationship between stage of lactation and 
size of udder. The coefficient of correlation between these factors is 
negative but not significant ( — 0.1578 ±0.1983). The coefficient of 
correlation between stage of lactation and udder capacity (0.4295 ± 
0.1659) is of doubtful significance. On the whole, these results indi- 
cate that the wide variation in stage of lactation within this group of 
cows was not of great importance as a disturbing factor. 

SIGNIFKJANOE OF VAKIATIONS IN UDi:)ER STRUCTURE 

A description of the method of grading the relative size of cistern, 
the openness of tissue, and the abundance of visible connective tis.sue, 
and of measuring the relative size of cistern with the use of a pla- 
nimeter, has been given. The grades and percentages obtained are 
listed under ^*Gross anatomy’’ in Table 1. A study has been made 
to determine the relationship existing between each of these gross- 
anatomy variables and a selected few of the ante-mortem quality 
grades and post-mortem udder characteristics, the nature of which 
suggested the possibility of such a relationship. 

Relative Size op Cistern (Graded) 

A positive correlation between the relative size of cistern and some 
of the udder-quality grades, particularly the free space, has been 
assumed. It has seemed probable also that size of cistern might be 
associated with post-mortem recovery, capacity of udder, and rela- 
tion of capacity to weight of udder but correlated negatively or in- 
versely with size of udder. Coefficients of correlation have been 
determined to show the degree of relationship between the relative 
size of cistern (graded) and the following udder characteristics: 


Yieldability of udder- - ±0. 0365 ± 0. 2130 

Softness and mellowness of gland tissue -f . 6047 ± . 1 590 

Average free space (inches) ± . 6792 ± .1149 

Composite grade for quality f . 4444± .1712 

Per cent post-mortem rocoveiy*. 4 . 3422± .1796 

8ize (empty weight) of udder — . 6626 ± .1141 

Capacity of udder — . 3888 ± . 1726 

Relation of canacitv to wekht of udder ± . 4224 ± . 1671 
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The relative size of cistern (graded) appears to be distinctly and 
positively correlated with the average free space; its relation to soft- 
ness and mellowness of gland tissue is moderate; its relation to com- 
posite grade for quality is of very doubtful significance; and its rela- 
tion to yieldability of udderisof no significance. The relation of relative 
size of cistern (graded) to size (empty weight) of udder is, as anticipated, 
significantly negative or inverse, but its relation to percentage post- 
mortem recovery of milk, capacity of udder, or relation of capacity to 
weight of udder is of very doubtful significance. 

Relative Size of Cistern (Measured) 

A high degree of correlation between the grades for relative size of 
cistern and tlie corresponding percentages based on planimeter meas- 
urements would indicate that the results obtained by the two methods 
were similar. The coefficient of correlation is 0.8626 ±0.0521. On 
account of the difficulties encountered in measuring the cisterns, and 
the greater possibility of allowance being made for the smaller divi- 
sions in the porous type of cistern when grading is done by visual 
examination, the grades are probably more nearly accurate than the 
percentages based on measurements. However, the following corre- 
lation coefficients have also been determined to show the degree of 
relationship between relative size of cistern (measured) and other 
udder characteristics. 


Average free space (inches) - f 0. 2654 ±0. 1994 

Composite grade for quality + . 2930 ± . 1950 

Per cent post-mortem recovery ± . 3520 ± .1782 

Size (empty weight) of udder — . 4773 ± . 1570 

Capacity of udder__ — . 6004 i: . 1525 

Relation of canacitv to weieht of udder -f . 0316 ± . 2032 


A low negative or inverse correlation with both size and capacity of 
udder is suggested, but the others are not significant. 

Openness of Tissue 

It seems reasonable to suppose that openness of tissue would be 
positively correlated with udder quality, percentage of post-mortem 
recovery of milk, capacity of udder, and relation of capacity to weight 
of udder, but negatively or inversely correlated with size of udaer. 
The relationships found to exist are shown by the following coeffi- 
cients of correlation. 


Yieldability of udder —0. 1546 ±0. 2082 

Softness and mellowness of gland tissue + .3617i: .1854 

Average free space (inches) -f . 3604 ± . 1856 

Composite grade for quality + .2700± .1977 

Per cent post-mortem recovery ± .3437± .1793 

Size (empty weight) of udder — . 2004 d: . 1962 

Capacity of udder _1 — . 1131± .2008 

Relation of capacity to weight of udder. — . 0364 ± . 2031 


In every instance in tliis group, the coefficient is less than twice the 
probable error. It appears, therefore, that the openness of tissue as 
graded for this group of udders, is not correlated with udder quality 
or with any of the other udder characteristics studied, 
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Proportion of Connective Tissue 

Proportion of connective tissue/' refers to the relative abundance 
of light-colored streaks of tissue which are visible on the cut surfaces 
of the gross-anatomy sections of the amputated udders. Abundance 
of fiber," which has frequently been discussed in connection with 
udder quality, refers to a condition that is observed at the time of the 
ante-mortem examination of the udder. It is described in detail at 
the beginning of this paper. Although the proportion of connective 
tissue and the abundance of fiber in an udder are judged by entirely 
different methods, one would anticipate a fairly close relationship 
between these two factors. Perhaps this so-called connective tissue 
that is seen in the sectioned udder and the so-called fiber that is felt 
on examination of the udder are one and the same thing. Plate 11, 
A, a photograph of a vertical transverse section of the udder of cow 
443, is a very good illustration of the appearance of connective tissue 
in the gross-anatomy sections. It appears here as white streaks 
resembling somewhat the fatty marbling of beef. The photomicro- 
graph of tissue from the udder of the same cow (pi. 11, B) is a good 
illustration of the minute structure of connective tissue. It has the 
appearance of a river, the main stream of which runs from the middle 
of the picture at the right, in a big bend toward the bottom and back 
toward the center at the left. In order to determine the relation 
between the proportion of connective tissue appearing on the cut 
surface of the gross-anatomy sections and the quality and other 
characteristics of the udder, the following correlations were derived. 


Yieldability of udder +0. 2884 ±0. 1966 

Softness and mellowness of gland tissue — . 3126 ± . 1925 

Abundance of fiber -|- . 5800 ± . 1415 

Composite grade for quality 4- . 2020 ± . 2046 

Per cent post-mortem recovery -f . 1983± . 1954 

Size (empty weight) of udderr -f . 0432 dr . 2030 

Capacity of udder — . 0980 dr .2014 

Relation of capacity to weight of udder — . 2394 ± .1917 


A fairly significant positive correlation is found to exist between 
proportion of connective tissue and abundance of fiber. All the other 
correlations, however, are not significant. 

In the entire group of 30 correlations based on grades for gross- 
anatomy characteristics, only 3 could be considered as definitely 
significant. Positive correlations are found between size of cistern 
(graded) and average free space, and between proportion of connective 
tissue and abundance of fiber. A negative correlation is found 
between size of cistern (graded) and size of udder. The ability to 
anticipate accurately the gross structure of the udder by examining 
it ante-mortem appears from these results to be very limited. 

RELATION OF UDDER CHARACTERISTICS TO PRODUCING CAPACITY 

The ultimate goal of tliis general study of the udder is to determine 
for a large number of cows the relationship of the conformation, 
quality, gross anatomy, and histology of the udder to its milk and 
butterfat producing capacity. The data are presented here to 
complete the information given in connection with the 11 cow s used 
in the post-mortem milking experiments. Data similar to those 
presented in this paper are being secured on a considerable number of 
146497—82 2 
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cows of known producing: ability with records made under comparable 
conditions at the Beltsville experiment station. Unfortunately the 
production records of these 11 cows were not all made under uniform 
conditions. The production records were made at ages varying from 2 
to 6 years. Moreover, the record of one cow was not complete. In 
general the milk and butterfat records were made under official testing 
conditions on three daily milkings, but three of the cows were obtained 
from another herd where milk production only was recorded and where 
the cows were kept under average herd conditions and milked twice 
daily. 


Table 2. — Prodticing capacity of It cows included in this study “ 


Record ol production for 1 year 


Mature equivalent 


Cow 

No. 


Dreed 


Milk 


Butter- 

fat 


Age of cow 


Times 

milked 

daily 


Milk 


Butter- 

fat 


Milk 
with 
addi- 
tional 
correc- 
tion for 
man- 


inerical 
rating 
on pro- 
duc- 
tion 



459 

292 

123 

272 

H46 

903 

811 

257 

253 

443 

265 


Jersey . . 
Holstein .. . 

Guernsey 

Holstein 

Grade Holstein. . 

do 

do 

Holstein 

do 

Jersey.. 

Holstein 


Pov nds 
10, 153 
(-<) 

8, 535 
12, 762 
12, 220 
12, 943 
10,928 
24, 135 
16, 405 
9,621 
11,202 


Pounds 

536 


477 

447 


852 

628 

465 

415 


Vtars 

2 

2 

2 

4 

3 

4 
6 

5 

6 
2 


ago- 

nient 


\ Months 
1 


Pounds 
3 ‘•13,909 


Pounds Pounds 
“712 13,909 


Grade 


5 3 10,412 

0 3 17,866 

9 2 12,831 

11 2 14,366 

9 2 11,474 

4 3 24, 135 

8 3 16, 669 

4 3 9, 621 

8 3 “11,202 


581 

625 


852 
634 
466 
“ 415 


10,412 
17,860 
19, 246 
21, 649 
17,211 
24, 135 
16, 569 
9,621 
11,202 


6 

h 

5 

6 
7 
5 
K 
5 
4 
3 


0 The arrangement of data in this table is the same as in Table 1. 

^ As e.\plained in the following pages, the grades In the last column give each cow credit for her product ion 
record on the basis of the i>erformance that could be expected of her when breed characteristics are taken 
into consideration. 

« See comment on record following this table. 

Record not completed. 


In order to place the records as nearJy as possible on a comparable 
basis, adjustment was first made for variations in age by determining 
the mature equivalent of each production record as made. The age 
adjustments were made on the basis of factors determined by Fohr« 
man,^^ some of which are as yet unpublished. The milk and butterfat 
records as made and their mature equivalents are given in Table 2. 
One point which might otherwise be considered a discrepancy deserves 
an explanation. The highest production record of cow 459 was made 
at 2 years 1 month of age. Although she lived to make other records, 
the mature equivalent is determined on the basis of the first record 
because she developed a pathological condition in the genital organs 
which rendered her apparently mcapable of subsequent normal re- 
production or maximum lactation. The record made at 2 years 1 
month of age is, therefore, considered the most accurate index of this 
cow's inherent producing capacity. On the other hand, cow 255 

» Foreman, M. H. factors fob ad^Pstino milk and butterfat bbcobds of bkoister of merit 
lEBSEr cows to a unifob m agk basis. Jour. Didry Sci. 9: 469-480, illus. 1926. 
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made several subsequent records and never improved that recorded 
at 2 years 8 months of age. Since she failed to show any physical 
condition which might explain her failure to improve the first-lacta- 
tion performance, it is used also as her mature equivalent without 
adjustment. Woodward has shown that cows kept under official- 
test conditions and milked and fed three times daily produce approxi- 
mately 50 per cent more milk and butterfat than do the same cows 
when kept under average herd conditions. The milk-production 
records of cows 846, 903, and 811, which were made on two milkings 
daily and under more or less average herd conditions, were again 
adjusted to allow for conditions of management by the addition of 
50 per cent to their mature equivalents. The adjusted records for 
these three cows together with the mature equivalent milk records for 
the others are presented in a separate column in Table 2. As a basis 
for studying the relation of the characteristics of the udder to the 
quantity of milk produced by it, these data are the best obtainable. 

Coefficients of correlation have been determined to show the relation 
between each of the 14 udder characteristics under consideration and 
the milk production of the cow expressed in pounds, as finally adjusted 
for age and conditions of management. These correlation coefficients, 
with the udder characteristics designated, follow: 


LoosenosH of udder .. ... . f 0. 0200:1:0. 2247 

Yicldahility of udder -- . 3484 ± . 1975 

Softness and mellowness of gland tissue - . 2076. h . 2151 

Abundance of fiber — .3704± .1940 

Average free space (inches) __ . d- . 0229rh .2247 

Composite grade for quality — . 1665± .2186 

Per cent post-mortem recovery — . 2168± .2033 

Size (empty weight) (»f udder. 4 . 5467 rh . 1496 

Capacity of udder. + . 6379 ± . 1265 

Relation of cajmeity to weight of udder . _ . 4 . 14064 . 2091 

Relative size of cistern (graded) — .40174 .1789 

Relative size of cistern (measured) . 23114 . 2019 

Openness of tissue -* .05264 .2127 

Proportion of connective tissue — .40714. .1779 


In this group of 14 items the coefficient is less than its probable 
error in 6 cases, less than twice the probable error in 4 other cases, and 
less than three times the probable error in 2 other cases. None of the 
quality grades shows any significant correlation to production of milk. 
In only two instances, capacity of udder and size of udder, is the cor- 
relation significant, and the latter is only moderately so. These corre- 
lations of both capacity of udder and size of udder to milk-producing 
ability indicate that the high producer possesses an udder of greater 
size and capacity than does the low producer. This does not neces- 
sarily mean that the size or capacity of the udder is proportional to 
the total yearly production, as a large total yearly production record 
may result from a high maximum with a relatively rapid decline, or 
from a more moderate maximum and greater persistency. The cor- 
relations shown, however, indicate that the udder must be of sufficient 
size and capacity to hold the amount of milk secreted between milk- 
ings. This is in harmony with previous observations of the writers 
that most, if not all, of the milk obtained at a milking is held in the 
udder before the milking process is commenced. 

IS Woodward, T, E. influskce op two plaeeh of fbkdino and tare ui*on milk production. Jour. 
Dai^Sci. 10; 283-291. 1927. 

u SwBTT, W. W., MlUER, F. W., and Qraves, R. H. Op. cit. 
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The foregoing consideration of the relation of udder characteristics 
to producing capacity was based entirely on quantity of milk produced 
and made no allowance whatever for butterfat production or for 
breed characteristics. A quantity of milk that would represent high 
production for a Jersey or Guernsey would be considered close to 
average for a Holstein, and the two Jerseys and the one Guernsey 
were all located in the lowest four positions in the alignment on which 
the previous consideration was based. Undoubtedly some of these 
cows occupy positions considerably below what they would have if 
butterfat production and breed characteristics had been considered. 

It is desirable that a similar study should be made of the relation 
of quality grades and other characteristics of the udder to producing 
capacity^ in which each cow is given credit for production on the basis 
of the performance that could be expected of her if breed characteris- 
tics were taken into consideration. Such credits could be baaed with 
reasonable fairness on butterfat production if the actual butterfat pro- 
duction were known in all cases. For three of the cows the percentage 
of butterfat was not determined when the milk records were macle. 
Although the approximate richness of their milk was known, and their 
butterfat production could be approximated, in view of the lack of 
definite records of butterfat production it was thought best to use the 
pading system instead of basing the correlation coefficients on the 
butterfat yield. The results would probably be essentially the same 
in either case. 

The 9-point grading system described in this paper was employed. 
With primary attention directed to the known and estimated butter- 
fat production, but with the milk production records and the breed 
characteristics of each cow in mind, the cows were placed in one of 
six production groups ranging from very high to low, and each cow 
was assigned an equivalent numerical grade. The grades assigned 
appear in the last column of Table 2. The six groups used and their 
equivalent numermal grades are as follows: Very high production, 8; 
high production, 7 ; medium to high production, 6 ; medium production, 
5; medium to low production, 4; and low production, 3. 

Coefficients of correlation have been determined to show the degree 
of relationship between the 14 udder characteristics under considera- 
tion and the numerical ratinp assigned to represent the production 
performance of each cow. ifdder characteristics are listed below in 
the order in which they appear in Table 1 , and each is followed by the 
coefficient of correlation indicating the extent of relationship with the 
perfomiance grades. 


Looseness of udder -f O. 1381±0. 2205 

Yieldability of udder — . 4166± . 1858 

Softness and mellowness of gland tissue — . 1765 ih . 2178 

Abundance of fiber — .4969i .1693 

Average free space (inches) — . 0703 ± . 2237 

Composite grade for quality — . 2174 i . 2142 

Per cent post-mortem recovery + . 0039 ± .2133 

Size (empty weight) of udder + , 2348 ± . 2015 

Capacity of udder -f . 2059 ± . 2043 

Relation of capacity to weight of udder -f . 0337± .2131 

Relative size of cistern (graded) — . 2279 ± . 2022 

Relative size of cistern (measured) + . 0620 i .2125 

Openness of tissue 4 * . 0878 db . 2116 

Proportion of connective tissue — , 4426 i .1715 
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Apparently not one of the characteristics of the udders studied is 
distinctly indicative of the cow’s ability or lack of ability to perform, 
as shown by the performance ratings. In 7 of the 14 items the coeffi- 
cient is less than its probable error; in 4 other cases it is less than twice 
its probable error; and in the 3 remaining items it is less than three 
times its probable error, although 1 is very close to the ratio of 3 to 1. 
The coefficient for abundance of fiber is of only moderate significance 
and might be indicative of the undesirability of abundant fiber in the 
udder. It is worthy of note also that the next highest coefficient is for 
proportion of connective tissue. The abundance of fiber was judged 
in the livdng cow. The proportion of connective tissue was judged 
from the photographs of the gross-anatomy sections. The fact that 
these two correlations are both negative and that they are the highest 
in the entire group might be interpreted as indicating that, as has 
been assumed, the fiber of the living udder and the visible connective 
tissue in the gross sections are either dosely related or are the same, 
and also that they are not beneficial and may be detrimental to high 
production. 

Both size of udder and capacity of udder were found to be fairly 
definitely correlated with the cow’s ability to produce milk, but were 
not correlated with the performance grades which give consideration 
to butterfat production. This fact suggests again the commejit made 
under the discussion of udder capacity, that for an equivalent butter- 
fat yield the breeds having a high butterfat test would require less 
capacity for milk yield than the breeds having a low butterfat test. 

DISCUSSION OF THE UDDER CHARACTERISTICS, LIFE HISTORY, 
AND PERFORMANCE OF EACH COW 

cow 469 (PRODUCTION GRADED AS MEDIUM TO HIGH) 

Cow 459 was a registered Jersey, Her record of 10,153 pounds of 
milk and 530 pounds of butterfat was made under official testing 
conditions at the age of 2 years 1 month. She failed to equal this 
record again, but on account of the fact that she developed a patho- 
logical condition which rendered her apparently incapable of subse- 
quent normal reproduction or maximum lactation, the mature equiv- 
alent of this 2-year-old record, wdiich amounts to 13,909 pounds of 
milk and 712 pounds of butterfat, was used as a measure of her pro- 
ducing capacity. She was slaughtered in the third month of lacta- 
tion at 8 years of age. Her udder was very high in composite grade 
for quality, relatively low in size (empty weight), had the smallest 
capacity in the group, a very low relation of capacity to weight of 
udder, and yielded a high percentage of ante-mortem production on 
post-mortem milking. 

Gross anatomy , — This udder shows a very large, open, and rather 
definitely circumscribed cistern. The gland tissue is very open and 
porous, and the relatively large ducts are distributed over nearly all 
the surface of the sections. An average quantity of connective tissue 
is visible. 

Histology . — Sections from a front quarter of the udder showred 
many of the alveoli to be in a state of functional inactivity in this por- 
tion of the gland. There was an abnormal amount of fibrous tissue 
in this quarter and many of the lobules showed deposits of numerous 
small concretions, or milk calculi, in the alveoli. The histological 
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appearance of the rear quarter indicated normal functional activity 
of this portion of the gland. In certain areas there was some loosen- 
ing and sloughing of the epithelial lining of the acini, and a few small 
inflammatory centers were noted. The area illustrated in Plate 2 
was taken from the central part of the left rear quarter, which was 
functioning but which was noticeably smaller and narrower than the 
other quarters. 

General , — This cow was a persistent aborter. At the last five 
parturitions one calf was born that died at 2 days of age and the other 
four were abortions of single or twin fetuses. She bred normally, but 
apparently was unable to retain a fetus after it reached a certain size. 
This probably accounts for the fact that her maximum production 
was made at 2 years of age, for the record indicated is sufficient to 
show beyond doubt that she had an inheritance for good production. 
Available records fail to show any udder disturbance requiring treat- 
ment. The possible influence of abortion on either gross anatomy or 
histology of the udder is entirely speculative. The significance of 
age on structure also is speculative. The large cistern and open 
structure of gland tissue may have been at least partly responsible 
for the relatively high post-mortem recovery of milk. 

cow 292 (PRODUCTION NOT GRADED) 

Cow 292, a registered Holstein, did not have a complete yearly 
record of production, but she was lactating at an average 2-year-old 
level when slaughtered in the second month of lactation at 2 years 3 
months of age. This cow was killed for this work, because she did 
not fit into the breeding projects and spa(‘P was needed. Her udder 
was relatively very low in composite grade for quality, relatively high 
in size (empty weight), less than average in capacity, low in relation 
of capacity to weight of udder, and very low in percentage post- 
mortem recovery of milk. 

Gross anatomy , — This udder has an average sized and distinctly 
circumscribed cistern. The gland tissue is open in the lower part, 
relatively dense above and of nearly average porosity as a whole. 
The visible connective tissue is very limited in (quantity. 

Histology . — The appearance of this gland, for the most part, 
indicated normal functional activity. One section from the central 
area of a rear quarter showed some evidence of chronic inflammatory 
changes, as indicated by a perceptible increase in the interstitial tissue 
in the areas involved. The fibrous framework of the gland in sections 
from normal areas was unusually soft or loose in structure. The 
area illustrated in Plate 3 was taken from a point near the base and 
about midwOT between the front and rear quarters on the left side. 

General. — ^Examination of the living udder indicated that it was 
normal, except that the right rear quarter was slightly larger than the 
others. There is no record of this cow^s having had udder disturb- 
ances requiiing treatment. An udder at this age would hardly be 
expected to show excessive connective tissue, and should be actively 
functioning at this stage of lactation. Relationships between pro- 
ducing ability and udder characteristics are not obtainable, owing 
to the early age at which the cow was slaughtered. 




Nov. 16, 1932 Udder Characteristics in Relation to Milk Production 599 


cow 128 (PRODUCTION GRADED AS MEDIUM) 

Cow 123, a re^j:istPTed Guernsey, produced 8,535 pounds of milk 
and 477 pounds of butterfat under official testing conditions at the 
age of 2 years 5 months. The maturity equivalent based on this 
production is 10,412 pounds of milk and 581 pounds of butterfat. 
She was slaughtered in the seventh month of lactation at the age of 4 
years 3 months. Her udder was about medium in composite grade 
for quality, the lowest in the entire group in size (empty weight), next 
to lowest in capacity, about average in relation of capacity to weight 
of udder, and almost exactly average in percentage post-mortem 
recovery of milk. 

Gross anatomy . — This udder has a very large and unusually even 
and distinctly circumscribed cistern above which the gland tissue is of 
about average density and somewhat less than average in proportion 
of visible connective tissue. After treatment with formalin and sec- 
tioning, the tissue was flexible, soft, watery and almost mushy. 

Histology . — In sections from a front quarter of the udder the alveoli 
were seen to be well developed, indicating normal functional activity. 
Some evidence of degeneration of the glandular epithelium was noted 
in several of the sections. All the sections from the rear quarter 
showed an inactive state of the glandular tissue. The various lobules 
showed a marked inc'Tease in the interlobular connective tissile of the 
quarter. On a(*count of the entirely different conditions existing in 
the right rear as compared with the other quarters (see next para- 
graph), the histologic.al structure of both the right front (functioning) 
and the right rear (inactive) quarter is illustrated in Plate 4. 

General . — The right rear quarter was indurated and entirely 
inactive and was described as relatively small and consisting only of 
a fibrous cylinder extending toward the teat. Undoubtedly this 
accounts for the histological notations for that quarter. Apparently 
the other quarters were functioning normally. There is no other record 
of this cow^s having had udder disturbances requiring treatment. 

cow 272 (PRODUCTION GRADED AS MEDIUM) 

Cow 272, a registered Holstein, made a production record of 12,762 
pounds of milk and 447 pounds of butterfat at 2 years of age on three 
milkings daily. This is equivalent to a mature production of 17,866 
])ounds of milk and 625 pounds of butterfat. She was in the seventh 
month of lactation and was 4 years 10 months of age at the time of 
slaughter. She was destroyed at this early ago because she had been 
pronounced permanently sterile. Observations on the living udder 
are not available for this cow. The amputated udder was one of the 
largest in size (empty weight) of those examined, was almost average 
in capacity, very low in relation of capacity to weight of udder, and 
yielded the lowest percentage of ante-mortem production on post- 
mortem milking. 

Gross anatomy . — In size of cistern this udder ranks considerably 
below the average. The teat canal and cistern are continuous and 
well circumscribed. The tissue is very dense and large ducts are con- 
fined to a small area above the cistern. An average quantity of fairly 
well distributed connective tissue is visible. The ducts were white 
and shiny, and the gland tissue after formalin treatment and section- 
ing was soft, wet, flabby, and sloppy. 
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Histology. — Histological examination of this udder showed a mix- 
ture of functioning and nonfunctioning lobules of the gland in the 
different areas sectioned. There was a limited increase in the fibrous 
connective tissue of the organ. A number of niilk concretions were 
seen in different lobules. The histological area illustrated in Plate 5 
was taken from a point near the base of the left front quarter. 

General. — Available records failed to indicate any udder disturbance 
requiring treatment during a previous lactation, but the left front 
quarter was described as small. During the preliminary 10-day milk- 
ing period immediately before slaughter, however, a hardened and 
congested condition developed in the left front quarter which was 
accompanied by a greatly reduced flow of milk from that quarter. 
After two days of treatment by massaging, the condition of the udder 
and the quantity of milk appeared to be about normal but the milk 
was ropy. After three days of treatment the udder and the milk 
appeared to be entirely normal. 

cow 846 (PRODUCTION GRADED AS MEDIUM TO HIGH) 

Cow 846, a grade Holstein, produced 12,220 pounds of milk at 4 
years 9 months of age on two milkings daily. The mature equivalent 
of this record is 12,831 pounds, and an additional adjustment for 
management raises it to 19,246 pounds. This cow was slaughtered in 
the fifth month of lactation at 6 years 2 months of age. Her udder 
was verjr good to excellent in quality, ranking first in the group on 
the basis of composite grade. It was next to the smallest in size 
(empty weight), close to the highest in capacity, and by far the high- 
est in relation of capacity to weight of udder. It also yielded by far 
the highest proportion of ante-mortem production on post-mortem 
milking. 

Gross anatomy. — The cistern is large and definite in outline with 
many large ducts leading from it. The tissue is above the average in 
openness and poro'sity and has very little visible connective tissue. 
The gland tissue after treatment with formalin and sectioning was soft 
and flexible and very wet. 

Histology. — Sections from this udder showed a rather heavy fibrous 
framework, the interstitial connective tissue being soft or loose in 
texture, A few of the lobules in both front and rear quarters showed 
a state of inactivity, but for the most part this gland appeared to 
have been functioning normally. The area illustrated in Plate 6 was 
taken from i^oint near the base of the left front quarter. 

General. — The history of udder disturbances for this cow is lacking, 
but the ante-mortem examination failed to show any abnormality or 
lack of uniformity in condition indicative of such disturbances. 

cow 908 (PRODUCTION GRADED AS HIGH) 

Cow 903, a grade Holstein, produced 12,943 pounds of milk at 
about 3 years 11 months of age on two milkings daily. The mature 
equivalent of this production is 14,366 pounds for the conditions 
under which it was made, or 21,549 pounds when adjusted for con- 
ditions of management. This now was slaughtered in the fifteenth 
month of lactation at 5 years 2 months of age. Her udder was rated 
very high in composite gr^e for quality, very close to average in 
size (empty weight), the highest of the group in capacity, near the 
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top in relation of capacity to weight of udder, and remarkably close 
to average in percentage post-mortem recovery of milk. 

Cross anaiomy . — The cistern consists of a honeycomblikc mass of 
very small and more or less independent cavities, is indefinite in 
outline and appears to be small in total volume. This udder is above 
the average in openness of structure of gland tissue and shows more 
than the average quantity of connective tissue. After treatment 
with formalin and sectioning, the gland tissue was soft, flexible, very 
wet, and sloppy. For several days after the sections were cut a 
milky white exudate continued to flow from the cut surface of the 
tissue. 

Histology . — The fibrous framework of this udder was found to be 
very soft or loose in texture. There was considerable degeneration 
of the epithelial tissue, and in many of the lobules there was sloughing 
of the epithelial lining of the alveoli. In places one or more of the 
alveoli had been completely destroyed and in some areas they had 
apparently been replaced by fat tissue. A section from the superior 
portion of the rear quarter showed groups of inactive lobules. Groups 
of alveoli partly or completely fifled with pus cells were seen in a 
number of the sections. The area illustrated in Plate 7 was taken 
from a point near the base of the left front quarter. 

General . — The liistory of udder disturbances for this cow is lacking, 
but ante-mortem examination failed to show evidence of such dis- 
turbance, abnormality^, or lack of uniformity in condition except that 
the udder was '^relatively light in the left rear quarter. 

cow fill (PRODUCTION GRADED AS MEDIUM) 

Cow 811, a grade Holstein, produced 10,928 pounds of milk on 
two milkings daily at about 4 years 9 months of age. The mature 
equivalent of this production is 11,474 pounds for the conditions 
under which it was made, or 17,211 pounds if adjusted for conditions 
of management. She was slaughtered about 24 months after her 
last calving, at the age of 6 years 9 months. Her udder was only 
slightly below the average in composite grade for quality, slightly 
below the average in size (empty weight), next to the highest in the 
group both in capacity and in relation of capacity to weight of udder, 
and considerably below the average in percentage of ante-mortem 
production recovered on post-mortem milking. 

Gross anatomy . — The cistern is about average in size, somewhat 
divided, and indistinct in outline. The gland tissue appears to be 
of average openness of structure and to have only a small quantity 
of connective tissue. The udder tissue was generally very flexible, 
soft, and watery when sectioned. 

Histoloay . — This udder showed evidence of infection. Many of 
the alveoli and a number of the milk ducts were filled with pus cells. 
There was some degeneration and sloughing of the alveolar epithelium, 
and the sections from the various areas showed an increase in the 
interlobular connective tissue. Many of the alveoli were filled with 
concretions, pus cells, and cell detritus. Because of the abnormal 
conditions in the left front quarter (see next paragraph), histological 
sections from both front and rear quarters are illustrated in Plate 8. 

General . — The previous history of udder disturbances for this cow 
is lacking, but when the cow was obtained for this study the left 
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rear quarter of her udder was noticeably small and stringy, and 
produced less milk than the other quarters, wliich were relatively 
full and round. A few days before she was slaughtered garget de- 
veloped in the left front quarter, and the milk from that quarter 
diminished in quantity and became thick and ropy. In all prob- 
ability this accounts for the presence of pus cells and to some extent 
explains the other indications of degeneration noted in connection 
with the histological examination of the udder. 

cow 267 (PRODUCTION GRADED AS VERY HIGH) 

Cow 257, a registered Holstein, produced 24,135 pounds of milk 
and 852 pounds of butterfat under official-testing conditions at the 
age of 6 years 4 months, A previous record made under similar 
conditions at 3 years 1 month of age amounted to 20,357 pounds of 
milk and 702 pounds of butterfat. She was slaughtered in the 
second month of lactation at the age of 10 years 9 months. Her 
udder was very low in composite grade for quality, the largest in size 
(empty weight) in the group, considerably above the average in 
capacity, the lowest in relation of capacity to weight, and consider- 
ably below the average in percentage of ante-mortem production 
recovered on post-mortem milking. 

Gross anatomy ~ A few ducts of medium size arc present, but the 
qinurter shown is almost devoid of a definitely formed cistern. The 
volume of the cistern or the few ducts above the teat is extremely 
small. The structure of the gland tissue is of about average openness 
and the amount of visible connective tissue rather sinall. The tissue 
after treatment was spongy, rubbery, and fairly typical. The struc- 
ture was unusually uniform in all the sections of this udder. 

Histology . — This udder showed chronic inflammatory changes, as 
indicated by extensive round cell infiltration and a noticeable increase 
in the interalveolar and interlobular connective tissue. The increase 
in the interstitial tissue resulted in atrophic changes or decrease in the 
number and size of many of the alveoli. Many of the acini showed 
evidence of inactivity. In this connection the advanced age and 
heavy production of this cow should be taken into consideration. 
The area illustrated in Plate 9 was selected from a point near the 
base of the right rear quarter of the udder. 

General . — An examination of records failed to show any disturbance 
during the life of the cow requiring treatment of the udder. The 
udder appeared to be normal and was functioning in all quarters. 
The ante-mortem examination indicated the presence of fiber which 
was relatively abundant and harsh, especially in the rear quarters, 
and no evidence of open cisterns. These observations are supported 
by the histological findings which indicate abundant connective tissue, 
and by the fact that the gross-anatomy sections showed an extremely 
small cistern. 


cow 263 (PRODUCTION GRADED AS MEDIUM) 

Cow 253, a registered Holstein, produced 16,405 pounds of milk 
and 628 pounds of butterfat under official testing conditions at the 
age of 5 years 8 months. The mature equivalent of this record would 
be 16,569 pounds of milk and 634 pounds of butterfat. She was 
alatightereci 14 months after her last calving, at the age of 9 years 
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4 months. Her udder was about average in composite grade for 
quality, close to the highest in size (empty weight), above the average 
in capacity, considerably below the average in relation of capacity to 
weight, and slightly above the average in percentage of post-mortem 
recovery of milk. 

Gross anatomy . — The cistern is below the average in relative size, 
and is divided and indistinct in outline. The tissue is dense and 
there is a very large quantity of connective tissue. The appearance 
of the udder may have been affected slightly by the fact that the 
udder was not well frozen when sectioned and as a result was some- 
what torn by the saw. Udder 257, however, was in almost the same 
condition as regards completeness of freezing and showed a small 
(piantity of connective tissue. After formalin treatment and sec- 
tioning the tissue was very wet, inclined to be sloppy, and lacking in 
firmness and spongy consistency. 

Histology . — Sections from this udder showed only a limited amount 
of normal functionating glandular tissue. There hnd been some 
chronic irritation of the gland which resulted in a general increase in 
the connective tissue of the organ. The entire organ showed verv 
marked degenerative and atrophic changes. Many of the alveoli 
showed detachment of the epithelium, and the lumen of a number were 
filled with the denuded epithelial cells and cellular debris. .A great 
many milk calculi were observed. In places practically one-half of 
the acini were filled with these concretions. The area illustrated in 
Plate 10, was selected from a point near the center of the left rear 
quarter of the udder. 

General . — When the udder was examined in February, 1920, the 
right front teat was distended with pus, and in March of the same 
year the same teat and (piarter were described as hard. When the 
udder was examined before slaughter, the left rear (piarter was slightly 
larger and hung lower than the others, but the udder was functioning 
in all quarters. The very abundant fiber noted on ante-mortem 
examination is in accord with the histological and gross-anatomy 
findings. The free space grading is also generally supported by the 
rating for size of cistern. 

cow 443 (PRODUCTION OR.^DED AS MEDIUM TO LOW) 

CW 443, a registered Jersey, produced 9,021 pounds of milk and 
405 pounds of butterfat under official testing conditions at the age of 
0 years 4 months. Apparently this is indicative of her maximum 
producing ability. Her udder was about average in composite grade 
for quality, small in size (empty weight), low in capacity, close to 
average in relation of capacity to weight of udder, and next to the 
highest in the group in post-mortem recovery of milk. 

Gross anatomy . — The cistern is proportionately very small and of 
the honeycomb rather than the distinctly circumscribed type. The 
gland tissue is very dense, free of visible ducts, and has unusually 
abundant connective tissue throughout. This udder, like Nos. 257 
and 253, was not completely frozen when sectioned. The tissue after 
sectioning was very soft, wet, and lacking in firmness and in the 
usual spongy and rubbery consistency. 

Histology . — In this udder sections from all the different areas in 
the front and rear quarters showed a number of abnormal changes. 
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The connective tissue framework of the gland had a soft, spongy 
appearance suggestive of an edematous condition of the organ. All 
the sections showed more or less detachment of the epithelial lining 
of the acini, and chronic inflammatory changes were also noted. In 
places whole groups of lobules had apparently been replaced by fat 
tissue. Many concretions varying in size were seen in the alveoli 
in the different sections. The area illustrated in Plate 1 1 was selected 
from a point near the base of the left front quarter. 

General. — As far as records show% this udder had never exper- 
ienced any noticeable disturbance. When examined before the cow 
was slaughtered, it was classed as in good condition. There were 
indications of large cisterns in all except the right rear quarter, which 
is the quarter used in illustrating the gross structure. (PI. 11, A.) 
The histological findings can not be explained by any ante-mortem 
notations. The relatively advanced age of this cow should be con- 
sidered in this connection, and the use of petroleum ether in the half 
subsequently used for histological study is noted. 

cow 255 (PRODUCTION GRADED AS LOW) 

Cow 255, a registered Holstein, produced 11,202 pounds of milk 
and 415 pounds of butterfat under official testing conditions at 2 years 
8 months of age. In a later official test at 7 years 3 months she 
produced 11,480 pounds of milk and 392 pounds of butterfat. As 
her mature record did not exceed the record made at 2 years 8 months, 
the mature equivalent was not calculated. This cow undoubtedly 
represents the lowest producing capacity of any cow in the group. 
She was slaughtered one month after last freshening at the age of 9 
years 7 months. Her udder was very slightly above the average 
in composite grade for quality, above the average in size (empty 
weight), well above the average in capacity, slightly below the aver- 
age in relation of capacity to weight of udder, and about average in 
percentage of post-fnortem recovery of milk. 

Gross anatomy. — The cistern is of about medium size, very much 
divided into relatively large chambers, and indistinct in outline. 
The tissue is very open in structure and shows a large quantity of 
connective tissue. The tissue after treatment was very wet and 
inclined to be soft and mushy. 

Histology. — This udder showed only one outstanding deviation 
from the normal, consisting of an infiltration of white blood cells 
into and between the alveoli of the gland. These cellular infiltrations, 
which were composed largely of eosinophile cells, were observed in 
all the sections examined. The fibrous framework of this gland was 
of very soft or loose texture. The area illustrated in Plate 12 was 
obtained from a point near the top of the left front quarter. 

General. — The udder apparently was sound. It tilted forward 
slightly and the left side was somewhat heavier than the right. 
Records fail to show any disturbance requiring treatment of the 
udder at any time. 

SUMMARY AND CONCLUSIONS 

Separate grades for quality, based on ante-mortem examination of 
the udder, have been assigned to looseness of udder, yieldability of 
udder, softness and mellowness of gland tissue, abundance of fiber, 
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and average free space. A composite grade for all of these items is 
used in some parts of this study as a single indication of udder quality. 

The size (empty weight) oif the udders used in this study varied 
from 23.30 to 54.15 pounds and averaged 36.89 pounds. 

The table of capacities shows that a cow's udder after amputation 
may be capable of holding as much as 6 gallons of milk. Six of the 
11 udders had capacities of more than 50 pounds, and the average 
for the entire lot was 50.11 pounds. This indicates ample space for 
storing in the udder all the milk obtained at a milking. There is 
some probability, however, that the pressure resulting from the accu- 
mulation of milk in the udder gradually checks and finally stops milk 
secretion. If this is true, the most rapid secretion should take place 
soon after the udder is emptied, and the greatest total production 
should be obtained from cows milked often enough to keep the internal 
udder pressure sufficiently low to enable milk secretion to continue 
unchecked. This may explain why heavy producers yield greater 
quantities when milked three or four times than wffien milked only 
twice daily. 

The relation of capacity to weight of udder is an index of the 
udder's fluid-holding capacity for each unit of empty weight, and 
should indicate its porosity. The percentages showing this relation- 
ship range from 100.98 to 243.10 and average 142.36. In other 
words, the capacity was greater than the weight in every instance, 
and on an average was nearly one and one-half times the weight of 
the empty udder. 

It appears that a definite and positive correlation exists between 
udder quality and post-mortem recovery of milk after amputation 
of the udder. This is not only true for the composite grade for 
quality, but for all except one of the individual quality items, and 
indicates that milk can be drawn more readily from an amputated 
udder of good quality than from one of poor quality. Experiments 
are now in progress which should indicate whether or not high quality 
of udder is conducive to rapid milking in the living cow. 

Udder quality and size (empty weight) of udder seem to be more or 
less negatively or invei*sely correlated. Every one of the correlations 
determined was negative. Those for yieldability of udder and com- 
posite grade for quality were significant, those for softness and mellow- 
ness of gland tissue and average free space were moderate in degree, 
and those for looseness of udder and abundance of fiber were not 
significant. On the other hand, a moderate positive correlation was 
shown to exist between size of udder and total yield of milk. 

Apparently xidder quality is not in any way associated with udder 
capacity so far as this group of udders is concerned. 

Udder quality appears to be positively and rather definitely asso- 
ciated witn relation of capacity to weight of udder. Every one of 
the correlations was positive. Those for yieldability of iidder, aver- 
age free space, and composite grade for quality were significant, that 
for softness and mellowness of gland tissue was very nearly signifi- 
cant, and those for looseness of udder and abundance of fiber were 
not significant. 

A significant and negative or inverse correlation was found to exist 
between post-mortem recovery of milk and size (empty weight) of 
udder. This indicates that the milk was drawn more readily from 
the small udders than from the large ones. The small udder of good 
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quality seems to be the kind that yields its milk most readily on post- 
mortem milking. 

Post-mortem recovery did not appear to be in any way associated 
with capacity of udder. 

The post-mortem recovery was fairly definitely associated with 
relation of capacity to weight of udder. This suggests again a prob- 
able positive relationship between quality of udder and relation of 
capacity to weight of udder. 

Apparently the post-mortem recovery of milk from amputated 
udders was not materially affected by the ante-mortem level of pro- 
duction at the time of slaughter. 

Size (empty weight) of udder and capacity of udder do not appear 
to be definitely correlated. 

The small udders had a greater capacity for each unit of empty 
weight than did the large ones. 

Breed characteristics appear to have had little effect on the results 
shown in connection with udder quality, post-mortem recovery of 
milk, or size (empty weight) of udder but to have had some effect on 
the results based on udder capacity. 

Stage of lactation in this group of cows does not seem to be asso- 
ciated with composite grade for quality, percentage of post-mortem 
recovery of milk, size (empty weight) of udder or capacity of udder. 
Apparently, therefore, the variation in stage of lactation was not of 
great importance as a disturbing factor. 

Relative size of cistern (graded) appears to be positively and fairly 
definitely correlated with free space ; its correlation with size (empty 
weight) of udder was distinctly negative or inverse; and its correlation 
with other udder characteristics was either moderate or not significant. 
The relative size of cistern (measured), which was particularly diffi- 
cult to determine, was only moderately correlated with any of the 
udder characteristics studied in relation to it. 

The relative openness or porosity of the gland tissue was not cor- 
related with udder quality or with any of the other udder character- 
istics studied. 

The relative abundance of connective tissue visible in the gross 
anatomy sections of the amputated udder, was positively and fairly 
definitely correlated with abundance of fiber which was graded ante- 
mortem, but does not appear to be correlated with any of the other 
udder characteristics studied. 

The possibility of anticipating the gross structure of the udder by 
examining it ante-mortem appears from these results to be very 
limited. 

The producing ability of the cows used in these studies as indicated 
by their milk records after adjustment for age and management, seems 
to be moderately correlated with size (empty weight) of udder, and 
distinctly correlated with udder capacity. The correlations between 
milk-producing ability and other ante-mortem and post-mortem 
udder characteristics were all very doubtful or of no significance. 
This consideration was based entirely oti quantity of milk produced 
and made no allowance whatever for butterfat production or for 
breed characteristics. 

Numerical ratings designed to give credit for the cow^s efficiency 
as a producer by making allowance for the influence of breed charac- 
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teristics, were assigned to the production performance of each cow. 
These ratings were to a very large extent based on butterfat produc- 
tion. Correlation coefficients, determined to show the degree of 
relationship between these numerical grades and 14 different udder 
characteristics, were either of very doubtful significance or of jio 
significance whatever. Little relationship was found to exist between 
ratings for production and udder characteristics. 

The histological findings can in most cases be accounted for when 
consideration is given to the history of the udder, either through its 
stages of activity or its observed condition at and immediately before 
slaughter. 

In most of these cases the period that elapsed between the comple- 
tion of tllte production record given and the slaughtering of the cow, 
was long enough to provide ample time for the development of the 
abnormal conditions of the udder tissue reported in some of the his- 
tological examinations. It would be interesting to know how" much 
the producing capacity of udders would be impaired by such abnormal 
developments in the mammary tissue. It seems desirable, therefore, 
to make histological examinations of the udder tissue of some high- 
producing cows soon after the completion of their production records. 

The limitation in number of animals available for the study pre- 
sented in this paper is fully appreciated. The results presented are 
more or less preliminary and are not conclusive. Additional studies of 
many of these considerations based on larger populations are under 
way. 




RELATION OF THE SEMIPERMEABLE MEMBRANES OF 
THE WHEAT KERNEL TO INFECTION BY GIBBERELLA 
SAUBINETII ‘ 

By Grace Wineland Pugh, formerly Assistant Pathologist j and Helen Johann, 
Associate Pathologist, Divisit n of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture, and James G. Dickson, 
Professor of Plant Pathology, University of Wisconsin, and Agent, Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, United States Department 
of Agriculture 

INTRODUCTION 


Relatively little has been published on the formation of the so- 
called semipcrmeable membranes of the caryopsis of the (iramineae 
and their relation to kernel development and maturation. Likewise, 
the penetration of the cellulose and li«:n()-subero-cellulose cell walls 
and cuticiibirized epidermal surfaces of the kernel and the relation of 
these structures to invasion of the tissues by various microorganisms 
have not been studied in detail. Do such membranes in the cereal 
kernel play an important role in preventing aggressive invasion of 
the embryo and storage structures in the later stages of kernel infec- 
tion? Are these membranes partly accountable for the presence 
of Fusarium and other organisms of this type in the outer structures 
of the kernel, as is so frecjuently found to be the case in lightly in- 
fected grain? Since not only the extent of the infection, but its 
loc^ation as well, largely determines the quality of the infected grain, 
it seemed especially important to study the kernel development in 
relation to the formation of these structures and them r6Ie in limiting 
infection by the wheat-scab parasite. 

Th(» results reported in this paper were obtained in connection with 
a general study of cereal Fusaria. The infected kernels studied were 
from naturally infected and artilicially inoculated heads, fixed in 1923 
and 1924 and worked up by the senior writer at that time. The 
infections were obtained on immature and mature kernels, the stage 
of development being determined by observation checked by later 
histological examination. The infected mature kernels WTie secured 
after a period of rainy >veather from bundles of (*ut grain lying < n 
moist ground where the fungus, either from natural infections or 
from artificial inoculations, had overrun the heads after the grain 
was ripe. Inoculations of mature wheat heads standing in the field 
or in the greenhouse made in connection with this study were un- 
successful, owing in all probability to the fact that no technic had 
then been perfected for supplying adequate moisture throughout the 
incubation period of the fungus. It has seemed advisable, however, 
to summarize the investigations and present the results in this paper. 


* Keceived tor publioation Dec. 18, 1931; issued November, 1932. Cooperative investigations between 
the Division of fJereal Crops and Diseases, Bureau of Plant Industry, C. S. Department of Agriculture, 
and the Wisconsin Agricultural Kxperinient Station. 

* The writers wish to eepress their thanks to Eugene H. Uorrling, Department of Plant Pathology, 
liniversity of Wisconsin, who made a large proportion of the photomicrographs used. 
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The difficulties usually experienced in cutting serial sections of 
mature kernels of the cereals were overcome by treating the killed 
and partially dehydrated jjrains with a mixture of equal parts of 
chemically pure hydrofluoric acid and 70 per cent alcohol for from 
48 to 72 hours, 'thorough washing in water for 24 hours, followed 
by the usual steps in the paraffin method of embedding, prepared 
the material for sectioning. Delafield's haematoxylin and erythrosin 
following Jnel's zinc chloride fixative gave a color contrast between 
host and fungus. Acidified Sudan III ^ was used to demonstrate the 
presence of suberized or cutinized parts. 

HISTORICAL REVIEW 

General interest in these semipermeable layers of the kernel was 
awakened by Brown {2Y in 1907 in his work with barley. He used 
llordeum mdgare var. coerulesceus^ which has a blue pigment in the 
aleurone cells that is turned red by acid, thus furnishing a natural 
indicator for the study of permeability in relation to acids. In his 
conclusions he states (1) that the grain of Hordeum is inclosed within 
a semipermeable or selective covering; (2) that the semipermeable 
property of the covering of the grain of llordeum is not due to the 
action of living protoplasm; (3) that the semipermeable property of 
the covering of the grain of Hordeum is located in the spermoderm of 
the grain; and (4) that the grain of Avena, Triticum, and Secale is 
inclosed in a semipermeable covering apparently similar to that of 
the grain of Hordeum. 

The exact location of the semipermeable property of the covering 
was not known for some time. In publishing on later researclies, 
Brown (t9, p. 84), in 1909, says: 

Hintological study of the seed-coverings indicates that their selective power is 
confined to the testa, and probaldy to tliat portion which is (ierived from the 
epidermis of the nucellus during the development of the seed. 

Schroeder (5), working with wheat in 1911, was of the opinion that 
penetration by liquids was not uniform over the surface of the grain. 
He thought that entrance was effected chiefly at the embryo end or 
that there was increasing impermeability of the coverings from the 
basal toward the apical end of the grain. Eckerson 05), working 
with wheat in 1917, spoke of the outer membrane of the nucellus as a 
semipermeable membrane . 

Collins (4), working with barley in 1918, was the first to study 
seriously the structure of the integumentary system in relation to 
localized water absorption and semipermeability. He steeped the 
grains in water for two days and then cut transverse sections through 
the mid region by hand. Concerning structure in the region of the 
furrow he says {4, p. 884-386 ) : 

The furrow coriesponds in position and extent with an elongated chalazal 
tract, through which nutriment and reserve materials i^s from the vascular 
supply in the ovary wall to the cells of the endosperm. The tissues of the peri- 
carp and ovule are continuous; indeed this elongated tract is to be regarded as 
the base of the ovule — the extended chalassa from the flanks of which the integu- 


> Juel s fixative: Zinc ohlcrifie, 30 g; acetic acid, 10 g: 60 per cent alcoiiol, 800 c c. 

* Acidified Sudan lU: Saturated solution of Sudan in in 70 per cent alcohol: B to 10 drops of HaS04 pot 
100 c c of solution. 

* Beference is made by number (italic) to Literature Cited, p. 028. 
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ments originate. On the ovular side of the vascular bundle, and lying iminedi- 
atidy between the points of oiigin of the tegmen, is a group of cells of glandular 
character with somewhat thickened wails and yellowish homogeneous contents. 
In the develofiing grain the contents appear to be of an oily nature. Radiating 
from this group, towards the centre of the developing grain, is a sheaf like mass 
of elongated cells which serve to distribute supplies to the endosperm. 

The epidermis of the nucellus extends, he says, immediately within 
the tegmen, up to its origin, but not across the chalazal tract itself. 
As the micellar epidermis does not delimit the cells of sheaflike 
structure, it can not obstruct the passage of salts at this point. 

Concerning the extent of the outer membrane of the tegmen, his 
sections of immature ovules showed that it completely enveloped the 
ovule except at the micropyle and in the chalazal tract. In longi- 
tudinal sections of the mature grain the micropylar point was not sat- 
isfactorily made out, although the membranes could be traced up to 
a dark-colored caplike covering to which was attached the embryonic 
appendage. Concerning the embryonic appendage he says (4, />. 
385 ) : 

This is a group of cells forming the apex of the root-sheath, which, lying imme- 
diately beneath the micropyle, makes real contact between the embryo and the 
tegmen. The cells differ from those of the root-sheath proper in that they have 
no contents and are capable of very rapid swelling when placed in contact with 
water. Although the actual origin of these cells has not been proved yet, the 
author is of the opinion that they may represent a suspensorial group.* 

He says that real contact between tegmen and membrane is also 
made over the peripheral rim of the scutellum through the agency 
of a single layer of modified aleurone cells. He concludes in relation 
to the entrance of water — 

that the micropyle is the point of rapid entry and the seat of differential action 
through the agency of the embryonic appeiulage, whilst slow, differential filtra- 
tion takes place across the chalazal tissue lying along the furrow, 

movement of lic^uids being most rapid at the point where it meets 
the dorsal margin of the scutellum.” 

Braun (/), in 1924, found a gradient of permeability to iodine in the 
wheat seed coats. He savs the entrance of iodine takes place over 
the entire surface of the grain, radially, but not uniformly. The ap- 
parent lateral and distal spread from the embryo end is due to the 
existence of a gradient of permeability to iodine in the seed coats, 
which permeability is greatest near the embryo end, diminishes to a 
minimum near the distal end, and again increases slightly at the distal 
apex. Microtome sections of immature wheat seeds fixed in Flem- 
ming’s strong solution showed a deep blackening of the cutin layer 
near the distal end with scarcely any discoloration at the embryo end 
and a gradient of discoloration between. In mature seeds the 
cutinization gradient was found to be nearly the same as that deter- 
mined by the use of Flemming’s triple stain. 

The chemical nature of the semipermeable membrane or membranes 
has been variously described. Eckerson (5) says the semipermeable 
membrane of wheat is suberized. Collins (4) found that the tegmen 
membranes of barley grains were cuticularized at an early stage of 
development. Gordon (^), in her study of the development of the 
endosijerm in cereals, calls the testa of barley a layer impregnated 
with silica, and Braun (1 ) speaks of a cutin layer in connection with 
his studies of permeability to iodine in the wheat seed coats. 
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A report of a study on the anatomy of wheat kernels infected with a 
Fiisarium, made in 1889 by Woronin, is found in a publication by 
Palchevsky (7) which appeared in 1891. Woronin carried on inves- 
tigations with wheat infected with a Fusarium which he called F, 
roseum Link and which he considered to be the conidial stage of 
Gibberella saubmetii. He notes that sometimes infection is localized 
only in the embryo and on adjacent parts while the rest of thek ernel 
remains normal. Concerning the anatomy of the kernel infected 
before maturity he states : 

The anatumical picture of tlie wheat kernel is quite different from that of the 
normal grain. The mycelium, which is often of an intense purple color, pene- 
trates from the periphery of the kernel through the seed coat and the aleurone 
layer into the endosperm of the seed, spreading in all directions. The shrunken 
periphery of the kernel, seen through a microscope, is wavy, and the epidermis 
of the ovary sometimes remains green (chlorophyll), for the fungus attacks 
kernels that are not ripe. 

The pigment layer of the kernel, slightly darker than normal, forms accumulations 
here and there. Between the pigment and the aleurone layer, that is, in the 
place of the layer of thick-walled cells, there is a dense mycelium which often 
surr)asses the seed coat in thickness and occasionally forms tumors. 

The aleurone layer is wavy, interrupted, and has the appearance of a dark 
stripe; there are many dark spots in its contents, and in general it is darker than 
normal; however, it stains normal crimson w'ith SO3 (A. S. purum) with sugar 
sirup. In such grains containing mycelium the cell structure, especially of the 
seed-coat layers, is destroyed. The starch grains arc connected by fungus 
threads, like clusters of grapes; the smaller grains seem to be firmly attached to 
them. ® 

STRUCTURE OF KERNELS 

MOHPHOLOGICAL ORIGIN OF THE TESTA 

The testa is derived from the inner integument of the ovule. In 
the very young grain, both the inner and the outer integuments 
consist of two layers of cells. (Fig. 1, A.) The outer integument 
disintegrates and disappears very early in the development of the 
grain. The inner integument changes more slowly (fig, 1, B) and 
persists in a modified form. Before the developing kernel occupies 
the entire micellar space, sections stained with Sudan III show very 
thin red lines, membranes of equal thickness on both borders of the 
inner integument. (Fig. 2, A.) The membrane on the outer wall 
thickens rapidly (fig. 2, C); the inner one remains so thin that in 
mature kernels it is likely to be overlooked. These membranes are 
unaffected by the ordinary cytological stains. Their reaction to 
Sudan III and their solubility in sulphuric acid indicate the presence 
of suberinlike or cutinlike compounds in the walls and on the outer 
surface. 

As development proceeds, the outer cells of the integument lose 
most of their contents and collapse. At the same time the contents 
of the inner row collect in masses which seem to contain globules at 
first and which later have a homogeneous waxy or oily appearance. 
(Fig. 1, B; fig. 2, C.) The masses take on color as they collect, 
varying from golden to golden brown. The walls of these cells also 
become brownish. As the kernel matures the remains of the two rows 
of cells of the inner integument are crushed into a continuous narrow 
golden-brown layer commonly called the color layer of the wheat 


« Translation by I. V. Krasovsky 
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Figure l.—A, Cross section of a portion of a wheat flower: a, Anther; o, ovary; 
d, outer intejtument; i, inner Intemiment. Stained with Flemming's triple 
stain. X 130. B, Cross section showing the respective layers of an immature 
wlieat kernel: ep, outer epidermis of iiericarp; p, pericarp; c, clilorophyll (cro.ss) 
layer; outer membrane of the testa; i, (^lis of inner integument; n, eiiidermis 
of nticellus; al, aleurone cells forming; en, endosperm. Stained with Deia- 
field's haematoxylin and erythrosin. X 300 
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Figure 2.— A, Cross section through the jfroove region of a young kernel, showing the points of 
origin of the testa, the two rows of cells of the integument (?) bordered by membranes of equal 
thickness, « and n, epidermis of nuoellus; r, vascular trace of groove; fr, transchalazal area. 
Stained with Sudan 111 . X 178. B. Cross section of the transchalazal region in the groove of an 
immature kernel, showing the location of the points of origin of the inner integument and the 
epidermis of the nuoellus; n, perioari); i, inner Integument; n, epidermis of nucellus. Stained 
with Delafleld’s haematoxyiin and erythrosin. X 104. C, Cross section of a portion of an im> 
mature kernel, showing the thick membrane along the outer wall of the outer row of ih)11s of the 
inner integument near its point of origin in the groove; «, outer membrane of testa; i, cells of 
inner integument; n, epidermis of nucellus; n, pericarp. Stained with Flemming's triple stain. 
X 328. D, Longitudinal section showing width and structure of the several layers m a mature 
wheat kernel; «, outer membrane of testa; t, color layer of testa; inner membrane of testa; n, epi* 
dermis of nucellus; af, aleurone cells; en, endosperm; e, chlorophyll cells, cross layer, of pericarp; 
p, parenchyma of pericarp. Stained with Deiafleld^s haematoxyiin and erythnisin. X 636 
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pain. (Fig. 2, D.) The compression process in the filling of the 
kernel is completed when the grain is mature and is completed last 
at the basal end of the seed and in the groove on either side of the 
chalazal region. This layer together with the membranes bordering 
it on either side-constitutes the testa of the mature kernel. 

EXTENT OF THE TESTA 

As noted previously, the testa of the mature grain is derived from 
the inner integument of the ovule (fig. 2, B) and is coextensive with 
it. Both cross (fig. 3, C) and longitudinal (fig. 3, B) sections of ker- 
nels show that it envelops the seed except at the micropyle and in 
the extended chalazal region of the groove (fig. 3, A). Cross sections 
of a kernel midway between the embryo and the brush end show that 
it originates sharply at either side of the vascular trace of the groove. 
(Fig. 4, A.) 

Along the groove between the lines of origin of the testa are cells 
which have some of the characters of the cells of the inner integument, 
but whose exact nature was not determined. Collins speaks of them 
in barley as cells of glandular character.^’ The contents of these 
cells appear to pass through the changes described for the contents 
of the cells of the inner integument in the formation of the color layer, 
becoming oily or waxv in appearance and golden brown in color. The 
changes fii-st appear in scattered cells, beginning shortly after the 
corresjionding changes in the inner integument. They seem to 
progress less rapidly and are completed last at the base of the chalazal 
region. (Fig. 5, A and C.) When the kernels are mature, the 
transchalazal area is filled with a compa(*t group of cells similar to 
the color layer in the appearance of the cell contents. The walls of 
these cells are thicker than the adjacent parenchyma of the pericarp, 
and stain a deep red with safranine (fig, 5, A), as do the cell walls in 
the color layer (fig. 2, C), When treated with acidified Sudan III, 
they stain a light red not observed in the compressed color layer, 
indicating the presence of suberin or cutin. These membranes, like 
the layers of the testa, are quite resistant to the action of 72 per cent 
HawSO;. 

Cells whose contents appear to be similar to those of the trans- 
chalazal area are found bordering the micropyle, but here they arc 
clearly a part of the color layer. A cross section through the micro- 
])yle indicates that the color layer folds outward and back at the 
opening and is connected at its end wdth the end of the outer layer 
of the testa. (Fig. 5, D.) In the vicinity of the micropyle the testa 
does not undergo compression as is the case in the regions bordering 
the endosperm, and hence the color layer in this region does not lose 
its appearance of cellular stnicture. (Fig. 5, D; fig. 4, C.) 
Collins states that the walls bounding the micropyle were found to be 
euticularized. It was not clear from the sections examined whether 
the thin inner membrane follows the surface of the color layer as it 
folds outward at the micropyle, but probably it does. 

RELATIVE THICKNESS OF THE OUTER LAYER OF THE TESTA 

The outer layer of the testa of the wheat kernel is not of uniform 
thickness throughout its extent. (Fig. 6, A and C.) The thickest 
portions are found in the groove, along the top of the kernel where it 
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Fkjurk 3.— a, Longitudinal sec’tlon of a spikelol containing two kernels, showing the location and 
extent of the chalazal region (ch) ana the position of the embryo (em). Stained with Flem- 
ming’s triple stain. X 9. B, Longitudinal section through the radicle of an immature kernel, 
showing the opening through the testa at the micropyle; «, outer membrane; i, (sells of inner integ- 
ument; m, opening of the micropyle; cot, coleorhiza; p, pericarp. Stained with Flemming’s 
triple stain. X 220. C. Cro8.s section of a vspikelet containing two kernels, showing the location 
of the P^sta (r) , transchalazal group of cells (fr) , and the vascular trace of the groove (e) . Stained 
with Flemming's triple stain. X 8. D, Cross sections of an infected kernel, showing the 
resulting de.struction of the embryo; e, embryo; en, endosperm. Stained with Delafield’s 
haematoxylin and erythrosin. X 22 








Figure 4.— A, Cross section through the groove showing the points of origin of the testa (« and ?), also the scattered cells in the transcha'aznl region (h) which have taken on 
a golden-brown color similar to that of the color layer (/); r, vascular trace of the grrove. X 136. B. Portion of a longitudinal section through the embryo of a wheat kernel, 
sowing the relatively thick outer membrane of the tesla at the base of the chalazal region (ck\: s', inner membrane of testa. The cells of the inner integument (i) do not undergo 
.severe compression at this point. Stained with Sudan Ilf. X 20fi. C, Longitudinal section through the micropyle (m) of a mature wheat kernel; s, outer membrane of testa; 
I. color layer (inner integument). Stained with Sudan III. X 375 




Fitii’RE Ti. — A, Cross section tlirongh the groove, above the embryo, of n (airly mature wheat 
kernel, showing the testa (r) and the transcholazal group of cells (fr); the walls of both color 
layer and transchalar.al cells and much of the cell contents stain red with safranine; r, vascular 
trace of the groove. Staiuc<l with Flemming’s triple stain. X 76. B, Portion of a longitudinal 
section of a kernel, showing the thickness of the oub'r inenibrano of the testa under the reniaias of 
the style (,<»<);«, outer membrane; i, color layer of testa; a', inner membrane of testa; p. ixTlcarp, 
Stained with Sudan 111. X 173. C, Cross section tlu-ough a portion of the chala/al regi(m at 
the embryo end of the k<Tnel, showing the slightly thickened walls and the deeply stained cell 
contents of the transchalazal group (?r); s, outer membrane of testa; i, color layer; s', inner 
membrane of test a; n, etaderinis of nucellus; e, vascular trace of groove. Stained with Flemming’s 
triple stain. The walls of the transchalazal cells In this region do not stain as deeply w'ith 
safranine as do those midway of the same kernel, shown in A . X 3J7, D, (Voss section through 
the opening of the micropyle (m) of a mature wheat kernel; i, color layer; s, outt'r membraho 
of te.sta. Stained with Delafleld’s haematoxylin and crytbrosln. X2W!( 


On the dorsal side, wh('Te the membrane is thin, there is a gradual but 
slight increase in thickness up to the brush end, where a more abrupt 
increase is found. 
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EXTENT OF THE EPIDERMIS OP THE NUCELLUS 

In immature kernels the epidermis of the nucellus is seen as a row 
of cells lying immediately beneath the inner integument of the ovule 
and may be traced to its lines of origin along the groove. (Fig. 2, A, 



Fioukk 6.-~A and C, (^roas soction.s showing tht* rdalive thickness of the outer membrane of 
the testa over the embryo of the mature wheat kernel (A) and In the groove region (C) of the 
same section of an infected kernel. In C hyphae are so massed in the t»>sta that the two mem- 
branes s and s* are widely separated; i, color layer; en, endosperm; p, pericarp. Stained with 
Delafleld’s haematoxylin and erythrosin. X 385. B. Portion of a longitudinal section through 
the immature and uninfected second kernel of asiwkelet. X 467. Section through the same 
region in the infeeted basal kernel of the spikelet. (Comparison of the thi(‘kness of the outer 
membrane of the testa in the two kernels indicates that infection of the basal kernel occiirre<l 
at a considerably earliar stage of development than that pictured in kernel B. Stained with 
Sudan III and gentian violet. X 3.50 

B, and C.) In mature kernels it is compressed and appears as a 
band without visible cellular structure. (Fig. 2, D.) According to 
Collins (4)f the epidermis of the nucellus in barley does not cross the 
chalazal region. The same is true of wheat. H()wever, in some sec- 
tions of mature kernels a band similar in appearance but irregular in 
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width may be found bridging the groove at some distance from the 
ends of the testa and connecting with the epidermis of the nucellus 
on either side. Apparently this irregular band is the compressed 
remains of micellar tissue which did not disintegrate during the process 
of maturing. 

RESISTANCE TO INFECTION 

In correlating the tissues of the wheat kernel with infection it may 
be said, in general, that the testa becomes increasingly resistant to 
penetration by Gihherella mubinetli as the grain matures. In cases 
of early infection the membranes may be penetrated in numerous 
places, as shown in Figure 6, D. Figure 6, B, pictures a location 
similar to that of Figure 6, D, in the uninfected younger second kernel 
of the same spikclet. The com])arison of Figure 6, B and D, indicates 
that infection of kernel B occurred at an early stage in its development. 
The cellular structure of the color layer in B shows the second kernel 
to be immature, and the greater thickness of the outer membranes of 
the testa indicates that infection in the older basal kernel, D, must 
have occurred at a considerably earlier stage of development than that 
now* showm in kernel B. 

The outer layer of the testa, the semipermeable membrane, is the 
part of the kernel most re.sistant to penetration. It may often be 
followed in parts of kernels so badly infected that other tissues can 
scarcely be identified except by their position (fig. 7, and it is not 
unusual to find it intact for considerable distances with mycelium in 
contact with one or both surfaces (fig. 7, A). Numerous sections 
show the fungus permeating the color layer and at times becoming so 
thickly massed there as to force the tw*o membranes of the testa 
widely apart. (Fig. 6, C.) In such cases it seems probable that the 
hyphae had entered this layer before it became compressed into a 
narrow* continuous band. In the early stages of develojiment there 
is no visible barrier*to entrance into this layer at its point of origin in 
the groove region. (Fig. 2, A and B.) 

After the outer membrane of the testa has become thickened sufli- 
ciently to offer some resistance to the entrance of the fungus there is a 
period in which the young wdieat kernel seems to be relatively unpro- 
tected in the groove region. (Fig. 2, A.) As development proceeds, 
the group of cells in the chalazal region takes on color (fig. 4, A) and 
the walls thicken slightly and fill the gap between the points of origin 
of the testa. It does not appear that in the immature kernel this area 
offers as effective resistance to hyphal penetration as does the outer 
la;YCf of testa; nevertheless it serves as a barrier of marked 
efriciency during the later stages of development of the kernel. 
(Fig. 5, A.) 

The degree of resistance of the membranes of the testa is seemingly 
proportional to their thickness. Hence, penetration of the outer mem- 
brane occurs more often in the region over the embryo than elsewhere. 
(Fig. 6, A and D.) Though the outer membrane of the testa is the 
most resistant part within the kernel, it is not impenetrable in any 
location, and in cases of severe infection hyphae may pass through 
even the comparatively thick portions. (Fig. 7, B.) 

The compressed nucellus shows little more invasion than the testa, 
owing probably not so much to resistance as to the fact that its thick- 
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Figure 7.— -A, Purtion of h cross section in the groove of an inf(*cti‘d kernel. The outer membrane 
of the testa («) is intact for considerable distances, though fungus hyphae (/) an‘ in contact with 
both surfaces. Stained with Delnfleld’s haematoxylin and erythrosin. X *140. B, Portion of a 
longitudinal siection of a wheat kernel containing a badly infectiui embryo; this section is at 
the flank margin of the embryo, where the outer memlirane of the testa is comparatively thick; 
hyphae have penetrated the membrane in numerous places; era, embryo; i, color layer of testa; 
s, outer membrane of testa; p, pericarp. Stained with l>elanehPs haematoxylin and erythrosin. 
X 670. C, Portion of a crass section of a badly infected immature wheat kernel; the outer mem- 
brane of the testa («) is visible for conaiderable’distancos; the color layer, inner membrane of the 
testa, epidermis of the nuoollus, and aleurone cells are indistinguishable in the mass of hyphae; 
eUf endosperm; p, pericarp. Stained with Delafleld’s haematoxylin and erythrosin. X 446 
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ness and chemical composition make it less attractive to the fungus 
and hence somewhat of a barrier to hyphal advance. 

The scarcity of fungus in the endosperm probably is explained by 
the lack of sufficient moisture to make growth possible and to the 
utilization by the fungus of pentosan materials more readily than 
hexose compounds rather than to any resistance in that area. 

DISTRIBUTION OF THE FUNGUS WITHIN THE KERNELS 

The fungus penetration of the wheat kernel at the brush end appears 
to be accomplished with little difficulty at flowering time, when hyphae 
advanc^e from infected anthers to the ovary. The fungus may per- 
meate the tissue of the kernel quite thoroughly, for the hyphae travel 
rapidly along the intercellular spaces, and the thin-walled cells of the 
parenchyma offer little resistance to penetration. At that immature 
stage the membranes of the testa are thin and the transchalazal group 
of cells shows little specialization, which leaves the young seed poorly 
protected. Under such conditions it is usual to find the fungus 
advancing from the pericarp into the young kernel. The result 
is that when infections occur at flovrering time a comparatively 
high percentage of kernels are so badly diseased as to be practically 
worthless. 

The distribution of the fungus in kernels infected after they have 
reached maturitv is generally as follows: The pericarp with a light 
infection througnout or at least at the ernbiyo end; the testa com- 
paratively clean, with the possible exception of penetrations in the 
embryo region where the outer membrane is thin ; the epidermis of the 
nucellus comparatively clean though showing more infection than the 
testa; hyphae in some cases massed between the various layers, 
se])arating them more or less widely (fig. 8, A and B) ; the aleurone cells 
filled with fungus (fig. 8, A) in the embryo region and for a con- 
siderable distance ^ toward the brush end in the groove, a shorter 
distance on the dorsal side, and a much shorter distance on the flanks; 
the endosperm slightly infected near the embiyo; and the embryo 
almost completely destroyed by the fungus (fig, 3,1).) 

It is significant that late infections are more or less localized in the 
embryo end of the grain, where the outer layer of the testa remains thin 
and the color layer has not undergone severe compression, and where 
there is also the opening at the tnicropyle. Furthermore, it seems 
possible that the entrance of mycelium at the base of the chalazal 
region (fig. 3, A; fig. 4, B) might result in the prior infection of the 
embryo region. One such case was observed. In most cases, how- 
ever, the embryos were so badly infected that it w’^as impossible to 
discover the point at which the fungus had first entered the tissues. 

Cases were observed in which, at various points along the groove, 
mycelium was apparently making its way from the pericarp through 
the irregularly placed cells which stain like the color layer. Perhaps 
this explains the common infection of the aleurone cells toward the 
brush end in the groove rather than at other points. 
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Fkj I’RK 8. “A, Section of an Infected wheal kernel, showing hyphae (/) massed in the aleurone cells 
(of) on either side of the nucellar layer («) and iienetrating the latter in a few places; €n,emo- 
sperm; p, fiericarp; », outer iiierabrane of testa; i, color layer of testa. Stained with Delaneld s 
haematoxylin and orythrosin. X 600. B, Portion of a longitudinal section of a wheat kernel, 
showing fungus massed between the testa and epidermis of the nucellus, separatmg them widely 
in places; n, epidermis of nucellus; inner membrane, of testa; i, color layer of testa: outer 
membrane of testa; at, aleurone cells; f, hyphae; p, i>ericarp. Stained with Delafleld’s haema- 
toxylin and erythrosin. X 040 
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DISCUSSION 

The distribution of fungus in the wheat kernels infected after 
maturity is somewhat like the advance of blueing^' described by 
Collins (4, p. 4 OO), He used iodine in potassium iodide and two 
varieties of barley. He states: 

In both cases the first signs of blueing of the starch contents appeared on each 
side of the furrow at the germ or basal end. From these points it was easy to 
trace the path taken by the iodine. Whilst it spread to some extent along each 
side of the furrow toward the apex of the grain, it passed more rapidly around the 
starchy endosperm rim immediately beneath the scutellum. The two blue arcs 
joined around the embryo, completing the circuit; at the same time the blueing 
spread rapidly on the curved side of the grain towards the apex, the lateral edge of 
colour as a rule being somewhat sharply delimited. The ftanks of the furrow were 
the last to be blued. 

The sections used in the present study show^ed numerous instances 
in which the forming color layer of the testa was permeated by 
hyphae. Concerning the passage of solutes through this layer Collins 
says ( 4 , p. 411 - 41 ^): 

Careful consideration has been given to the possible passage of solutions along 
the cells of the tegmen, between its inner and outer cuticularized membranes, 
and the selective action of the inner. The inner cuticle is less prominent and 
resistant, and might fail after a ti?ne. The embryonic appendage might serve as 
a temporary hindrance to the passage of solutes into the embryo, whilst the main 
stream would pass betw^een the cuticularized membranes and be distributed in the 
distal duection. It should be said here that such a method of disti ibution assumes 
that the connecting anticlinal w'alls between the inner and outer membranes at 
the micropyle fail to resist the passage of solutes. In the ovule these walls bound- 
ing the miciopyle were found to be cuticularized. 

In speaking of the mature kernel he says P- 41 J)' 

The initial uptalie of water supplies the need of the embryo. * * * ^hc 

subsequent distribution of liquid in the endosperm is ]>iecisely the ])ath of enzyme 
disintegration within the endosperm during germination of the embryo. 

From the evidence at hand it seems probable that several factors 
influence the distribution of fungus hyphae within the kernel, i. e., the 
relative resistance of different parts to fungal i)enetration, the location 
of readily available food, and the distribution of w^ater within the 
kernel. 

In the very young wheat kernel, hyphae may be found in all parts. 
At this stage the membranes and cells are not sufficiently developed to 
offer any great resistance to the advance of the fungus; likewise, 
available food and moisture are plentiful. Gibberella has the ability 
to utilize a variety of food substances, especially pentosans; hence, 
the distribution of the abundant hexose nutrients within the kernel 
probably is only a minor factor influencing the location of the fungus. 
On the other hand, the location and structure of the protective parts, 
especially the layers of the testa, and the distribution of moisture 
within the grain appear to be important factors influencing the 
entrance and spread of Gibberella saubinetii within the wheat kernels, 

SUMMARY 

The testa of the mature wheat kernel is derived from the inner integ- 
ument of the ovule and is coextensive with it. At maturity it con- 
sists of a narrow, homogeneous, golden-brown, oily-appearing layer 
formed by the compression of the two rows of degenerating cells of the 
inner integument and bordered on the inner side by a very thin color- 
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less membrane and on the outer side by one of considerable thickness. 
Both membranes stain with Sudan lit and are relatively resistant to 
sulphuric acid, indicating the presence of suberinlike or cutinlike 
substances. 

The testa completely envelops the seed except at the micropyle 
and in the groove region, where it is seen to originate sharply at either 
side of the vascular trace of the groove. In the chalazal region 
between the lines of origin of the testa there is a group of cells which 
have some of the (‘haracters of the cells of the inner integument but 
whose exact nature was not determined. 

The outer layer of the testa varies in thickness. The thickest por- 
tions are found in the groove, along the top of the kernel where it 
passes under the style, and in the region extending from the micro- 
pyle to the base of the groove. It is thinnest over the embryo. On 
the dorsal side there is a gradual but slight increase in thickness up to 
the brush end. 

In mature kernels the epidermis of the nucellus is compressed into 
a band without visible cellular structure. 1 1 does not cross the groove 
of the kernel. 

The testa becomes increasingly resistant to penetration by Gib- 
berella Hauhinetii as the grain matures. The degree of resistance of 
the membranes seemingly is proportional to their thicknes^s. The 
outer membrane of the testa is the most resistant layer of the kernel. 

Kernels infected at flowering time may be permeated throughout 
by the fungus. 

In wheat grains infected at maturity the fungus is usually localized 
at the embryo end of the kernel; it is sparse in the testa, nucellar 
layer, and endosperm; the aleurone cells may be filled with hyphae 
for considerable distances along the groove, for a shorter distance on 
the dorsal side, and a considerably shorter distance on the flanks; 
the embryo is more or less completely permeated by fungus hy[)hae. 

The location and structure of the protective parts, especially the 
layers of the testa, and the distribution of water within the kernel 
appear to be important factors influencing the entrance and spread of 
Oibberella saubinetii within the wheat kernel. 
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A THREE-YEAR STUDY OF THE CHEMICAL COMPOSI- 
TION OF GRASS FROM PLOTS FERTILIZED AND 
GRAZED INTENSIVELY' 

By J. (J. Archibald, Aasutant Research Professor of Chemistry^ SkinX P. R. Nelhon - 
and E. Bennett,* Research Assistants^ Massachusetts Agricultural Experiment 
Station * 

INTRODUCTION 

This paper is based on results obtained in 1928, 1929, and 1930 
from an extensive trial of the so-called Hohenheim system of pasture 
management on the Massachusetts State College farm. Two papers ® 
have been published giving the results for 1928 and 1929, respectively. 
This paper combines the results for all three seasons. The variations 
in the schedule of fertilizer application in the different years are 
shown in detail in Table 1 . 

Table 1 . — Schedule of fertilizer applications used each year^ 1928^ 1929, and UhW 


Year, plot groiij), and 
treatment 

Eleinent.s afiplied 

1928 

/Nitrogen (N)« 

Phosphoric acid (P2OB)-- . . 

A, ("omplotcly fertilized; 
grazed throughout the 

Potash (K2<)) 

season. 

Nitrogen (N) ^ 

. do 

/.Nitrogen (N) . ... 

Phosphoric acid (PbGs) 

H, coinidetely fertilized hut 
cut for hay In June; grazed 

1 Potash (K2O) 

from July 1. 

1 Nitrogen (N) 

do 

[ do 

1), control plot 

1929 

A and B...- 

No fertilizer . 

/Nitrogen (N). . 

Phosphoric acid (P2G5).. - - 
Potash (K2()) 

Nitrogen (N) 

do.._ — 


Pounds 
per acre 
applied 

Dates of application 

86 

1 

55 

>Apr. 20-May 5, 

67 

1 

10 

)U 

(At intervals throughout the season, 

] varying from 30 to .58 days, corn- 
[ mencing May 28, ending Sept. 6. 

H5 

] 

.55 

•May 7 and H. 

67 

1 

10 

)At intervals throughout the season, 

10 

• varying from 20 to 66 day.s: com- 

10 

1 mencing June 21, ending Sept. 15. 

4J 

1 

41 

(Apr. 2fi-May 2. 

.50 

15 

(At intervals throughout the season, 

15 

> varying from 26 to .56 days; com- 

15 

1 mencing May 28, ending Aug. 29. 


<* The complete fertilizer used in all three years contained 16.5 per cent N, 16.5 per cent P2OB, and 20 i)er 
cent K9O in 1928 and 1029. In 1930 the potash had been increased to 21.5 per cent. 

^ The source of uitroKeu for summer applications in 1928 and 1929 contained 34 per cent N, and 13 iier 
cent lime (CaO). 

i Received for publication Feb. 11, 1932; issued November, 1032. Published as contribution No. 130 of 
the Massachusetts Agricultural ExiKiriment Station. 

* Resigned Oot. 1, 1929. 

^ Appointed Jan. 2, 1930. 

* Oratoful acknowledgment is made of the services of M. W. Goodwin, J. W. Kuzmeski, J. B. Zielinski, 
O. J. Larsiuos, and A. F. Spelman, who made the determinations of crude fiber and ether extract under 
the direction of P. H. Smith, chief chemist of the feed control laboratory of the experiment station; of the 
services of H. R. DeRose, of the fertilizer control laboratory of the experiment station, who made the soil 
analyses; and also of the services of C. H. Parsons and R. C. Foley, of the Department of Animal Hus- 
bandry, who took practically all of the grass samples. In addition, Mr. Foley has furnished data on 
botanical analyses of the grasses and his general suggestions have been very helpful. The authors arc 
indebted to A. B. Beaumont, of the D^rtment of Agronomy, for helpful criticism of the manuscript. 

^Archibald, J, Q., and Nelson, P. k. the chemical composition op grass from plots fertiuzed 
AND GRAZED INTENSIVELY. Jour. Amer. Soc. AgTon. 21: 686-699, illus. 1929. 

Archibald, j. O. the chemical composition of grass from plots fertiuzed and grazed inten- 
sively IN 1020. Jour. Agr. Research 41 : 491-601, Ulus. 1930. 
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Table 1. — Schedule of fertilizer applications used each year^ 1928^ 1929 ^ and 1930 — 

Continued 


Year, plot group, and 
treatment 


Elements applied 


Pounds 
I)er acre 
applied 


Dates of application 


1929— Continued 


C, no nitrogen; grazed [Phosphoric acid (P2O5) * 

throughout the season. IPotash (KjO) 


41 May 2. 
60 Do. 


D, control plot 


No feitilizer. 


1930 


A and B. 


[Nitrogen (N) 

Phosphoric acid (PjOe) 

Potash (KjO). 


33 

33 

43 


Apr. 3-15. 


Nitrogen (N) 
.Nitrogen (N).. 


30 May 29- July 9. 
20 July 2i)-Sept. 5. 


C. 


/Phosphoric acid (PaO#).. 
IPotash (KaO) 


33 Apr. 16. 
43 Do. 


D, control plot 


No fertilizer. 


« As superphosphate. 

‘‘As muriate of potash. 

« The source of nitrogen for .summer applications in 1930 contained 20 per cent N and 20 i)er cent lime (C’aO) . 

EXPERIMENTAL PROCEDURE 


The system of grazing and of taking grass samples has already been 
described in detail.® It was identical throughout except that in 1930 
two of the plots in group A and the control plot (D) were divided in 
half transversely in order to facilitate uniformity and completeness 
of grazing. 

Except for clacium and phosphorus, methods of chemical analysis 
were those of the Association of Official Agricultural Chemists.^ 
Calcium was determined volumetrically by McCrudden’s method 
and phosphorus colorimetrically by the method of Fiske and Sub- 
barow.® Botanical analyses of the herbage were made in 1930. The 
results are given in Table 2. Soil analyses were mad(» in the fall of 
1928 on groups A and D only. The results of these analy^ses appear 
in Table 3. The soil is a silt loam of the Merrimac series, of level 
topography. Practically all the 74-acre tract has been cleared, 
drained, and brought under cultivation within a very few years. 
Previous to 1928 the tract had been included in a regular form rotation 
of corn, 2 years; hay, 2 years; and pasture, 2 or 3 years. The plots 
in group B were seeded for the first time in 1926. 

The composite rainfall and temperature records for the three grow- 
ing seasons are shown graphically in Figure I in comparison with the 
40-year normal for Amherst, Mass. The weather was characterized 
by a normal iimnth of May and a warm, wet June, the other months 


* Archibald, J. O., and Nelson, P. R. Op. cit. 

^ Association of Official Aobicultural Chemist.s. official and tentative methods of analysis. 

COMPILED BY THE COMMITTEE ON EDITING METHODS OF ANALYSIS. REVISED TO JULY 1, 1924. Ed. 2, 536 p., 

illus. Washington, D. C. 1926. 

» Fiske, C, H., and Subbabow, Y. the colorimetric determination of phosphorus. Jour. Biol. 
Chem. 66:387-389. 1925. 
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having a normal temperature but .showing a deficiency in rainfall, 
which became intensified as the season advanced. 



Fkji’RK 1.— CoruiMjsite rainfall (A) and tcraporatiirc (B) 
rocord.s for the growing S(U4sons of J928, 1929. and 1930. 

Hotted lines reprcst'iit normals for Amherst, Mass. 

Tablk 2. — Botanical compontion of the pasturage herbage on the several groups of 

plots in 1930 


Species 


Phlcum pratense 
Agrostis alba . 

Poa pratensis 

I'rifolium repemt. 
Juncmspp ... 
Other grasses 
Weeds 


Group A 

Group B 

I Group r 

Gro 

IP I) 

June 

August 

Jime 

1 

1 August 
... 

1 

.Tune 

August 

June 

August 

Per cent 

Per cent 

Per cent 

Per cent 

I^er cent 

Per cent 

/Vr cent 

Per cent 

21 

19 

Zi 

2.'> 

21 

20 

7 

7 

20 

24 

39 

3.3 

32 

37 

i5 

.50 

40 

42 

27 

31 

30 

25 

25 

15 

4 

4 

1 

lYaw. 

” ! 

7 

Trace. 

3 

;■ 



3 

3 

. 1 


s 


4 

4 


s 

I 

0 

l.'i 

20 


“ Other grasses include<i varying amounts of Dactylis glomerata, Anfhozunthum odoratum, Lolium Hal- 
irum, Festuca elatior, and Poa tririalia. Weeds included Taraxacum spp., Ranuncuium spp., Plantago spp., 
Potentilla spp., Alaine media, Chryaanthemum leucanthemvm, Rvmez acetoaa, Achillea millefolium, and 
Carex spp. 


Table 3. — Results of analyses of soil samples from plot groups A and D, taken in 

the fall of 1928 


Group 

Fine soil 
G min 
or less) 

Organic 

and 

volatile 

matter 

Total 

nitrogen 

Total 

phos- 

phorus 

Total 
pot as- 1 
slum 

1'otal 

calcium 

pll • 

Lime re- 
(luirement 
as CaO, 
by Jones’s 
method 

A 

D 

Per cent 
98.4 
98.0 

Per cent 

0 . ta 
0.08 

Per cent 
0, 175 
.155 

Per cent 
0.170 
.148 

Per cent 
1.17 

1. 10 

Per cent 
0. 130 
.124 

5. 86 
0. 25 

Pounds 
per acre 
7,136 
.5,129 


<* pU determinations were made on samples taken in the spring of 1930. These values were also deter- 
mined for Groups B and C; they were 5.47 and 5.90, respectively. 
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PRESENTATION OF RESULTS 

EFFECT OF FERTIUZATION AND GRAZING ON THE COMPOSITION OP PASTURE 

GRASS 

The chemical composition of the grass from all groups is shown in 
Table 4.® The results for Group B have been segregated from those 
for Group A because the plots in the former group grew a crop of 
hay each June and were not grazed until July, while those in the 
latter group were grazed throughout the season each year. 

Table 4. — Effect of a system of intensive fertilizing and grazing on the chemical 
composition {on a dry-matter basis) of pasture grass grown on experimental plots 
in 19^8, 1929, and 19S0 

[The values expressed in pounds per acre are true averages of the weights of the crop at the several times 
of sampling as total weights would not tie comparatile tiecause of the varying number of samples in the 
dilTerent groups] 



Dry matter 1 

Nitrogen 

i 

Crude 

fiber 

Ether 

extract 

Calcium 

Pbo 

phor 

Plot group, number of samples, and 
treatment 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

Per cent 

A, average of 73 samples (complete 
fertilizer plus summer ajjplica- 
t ions of nitrogen)-- . 

27.0 

i.or>4 

3.0 

31.3 

23.4 

247 

.3.3 

.34.7 

0. 56 

.5. 9 

0.33 

B, average of 39 samples (same fer< 
tilizer treatment as above but not 
grazed until July) — 

20.3 

0.54 

2.7 

25.7 

24. H 

236 

3.2 

30.4 

.60 

5.7 

.26 

C (no nitrogen), average of 8 sam- 
ples (superphosphate, muriate of 
potash) 

34.2 

K.S6 

2.4 

21.6 

2.3.8 

211 

3.3 

29.5 

.60 

5.3 

.27 

D (control), average of 17 samples 
(unfertnize<i). - . . . 

.34.9 

77.5 

2.1 

16.1 

25.1 

195 

3.0 

2.3.5 

..54 

4.2 

.29 


3.4 

2.4 

2.4 

2.2 


Considering the groups in reverse alphabetical order, a study of 
Table 4 shows that — 

There was a gradual but not very uniform decrease in percentage of 
dry matter, accompanied by a corresponding but more uniform 
increase in amount of dry matter produced per acre. In other words, 
one effect of the fertilizer was to produce a considerably larger amount 
of more succulent grass, even on a dry-matter basis. In Group B, 
the effect of a hay crop in June with consequent postponement of 
grazing until July is seen in an increased percentage, and a decreased 
woduction, of dry matter. In contrasting C with A and also with 
D, the effect of a nitrogenous fertilizer in producing a succulent grass 
and a relatively large amount of dry matter is seen to be very marked . 

There was a marked and regular increase in nitrogen content of 
the dry matter, and an even more marked though less uniform increase 
in nitrogen recovered per acre. This is the most striking and rela- 
tively much the greatest effect of the system, the amount of nitrogen 
in the samples from Group A being 42.9 per cent greater than in those 
from Group D, while the amount of nitrogen recovered was almost 
double (94.4 per cent greater). In Group B, no allowance being made 
for the hay crop produced in June, the percentage of nitrogen was 


* It should be bcMrue in mind in a study of Table 4 and of the discussion which follows that Groups A 
and D are the two between which fundamental comparUK)ns are made. The results from Groups B and 
C are included merely for what additional information they may furnish. 
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28.6 per cent greater than in Group D, while nitrogen recovery was 
almost 60 per cent more. Group C, which received no nitrogen in 
1929 and 1930, evidently had some in reserve in the roots from the 
application in 1928, being midway between B and D both in percent- 
age and in amount recovered. A quality of herbage superior to that 
in Group D with somewhat more clover probably accounts for part 
of the difference. 

The crude-fiber content decreased slightly but not uniformly, where- 
ever fertilizer was applied. On the other hand, acre production of 
fiber increased considerably and quite uniformly. In this latter respect 
there is quite a close correlation between cruae fiber and dry matter. 
The considerably higher fiber content in Group B than in cither A 
or C is attributed to the presence of stubble from the June hay crop. 

The content of ether extract was increased somewhat, and the 
quantity per acre was increased markedly by the treatment, but 
neither increase was uniform. 

The calcium content of the grass was not materially affected by 
the fertilizer applications. Group A being only 0.02 per cent higher 
than Group D, which represents an increase of only 3.7 per cent. 
Acre recovery was of course considerably increased because of the 
much larger crop in Group A. The higher calcium content in Groups 
B and ( / probably is due to the presence of considerably more white 
clover {Triiolium repens) in the case of Group C, and to much greater 
amounts of red top (Agrostis alba,) in both cases, than occurred in 
Group A, Recent unpublished work by the writers has revealed the 
fact that red top is somewhat higher in calcium than is either timothy 
{Phleum pratense) or Kentu<*.ky bluegrass (Poa pratensis). A liberal 
application of calcium nitrate on the plots in Group B in 1928 is also 
considered to be a contributing factor. 

The percentage of phosphorus was increased considerably in 
Group A as compared with that in Group D, and the acre recovery 
was over 50 per cent higher. The low value in Group B is rather 
difficult to interpret. It was consistently lower from year to year 
than that in Group D. The explanation offered in the published 
results for 1929 " is again advanced, to the effect that — 

these plots have been brought under cultivation comparatively recently and as 
a consequence may not have accumulated a phosphorus reserve comparable with 
that on the first six plots [Groups A and D], which had been fertilized quite liberally 
over a considerable period of years previous to the commencement of the grazing 
experiment. 

It is also possible that the growing of a hay crop to comparative 
maturity may account for the disappearance of a considerable share 
of the store of available phosphorus on these plots. The low value in 
Group 0 can not be accounted for on any reasonable basis. 

To summarize briefly, the most outstanding effect of the system has 
been to increase considerably the dry matter produced per acre and 
at the same time lower the dry-matter content of the fresh grass, and 
to increase greatly the nitrogen content of the dry matter. All other 
constituents determined, crude fiber excepted, were increased, al- 
though the effect on the calcium content of the grass was slight. 
Inasmuch as nutritive value of feeds is judged to a considerable extent 


‘0 For an explanation of the reason for using calcium nitrate, see the following publication: Akchibai.d, 
J. G., and Nelson, P. R. Op. cit., p. 688, footnote to Table 1. 

« Ahcribali), J. O. Op. cit„ p. 494. 
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by a minimum of fiber and a maximum of other proximate constit- 
uents, it may be assumed in the absence of actual feeding trials that 
the grass from Groups A, B, and C was superior as a feed to the grass 
from Group D, that from Group A being of especially high quality. 
The grass produced after a crop of hay was somewhat inferior in 
qiiality to that produced on plots that were continuously grazed. 
This is doubtless due in part to the presence of stubble from the hay 
crop. The effect of withholding nitrogen from Group 0 naturally was 
most apparent in the nitrogen content of the samples from that group. 

SEASONAL VARIATIONS 

As a basis for discussion and for the formulation of general con- 
clusions on this phase of the work, the results from Groups A, C, and 
D have been combined in Table 5 and are shown graphically in Figure 
2. This manner of handling the results was decided upon after it 
had been observed that in general the fertilizer applications had only 
a minor influence on the seasonal fluctuations in composition. This 
being the case, it was felt that by combining the groups the larger 
number of samples represented would contribute to more reliable final 
conclusions. Group B was not included because the growth of a hay 
crop on the plots in this group rendered the values from them not 
comparable with the others. 

In Table 6 the detailed seasonal variations for all the groups are 
recorded separately, and those for Groups A and D arc shown sep- 
arately in Figure 4, for the sake of comparison with the composite graph 
in Figure 2 but not as a basis for general discussion. Groups B and 
C are not represented in Figure 4; the former for the reason given in 
the preceding paragraph, the latter because the number of samples 
(eight) when divided among six different months is insufficient to 
furnish reliable figures. 

Figure 1, which gives the composite rainfall and temperature 
record for the three seavsons should be studied in close conjunction 
with the detailed discussion w’^hich follows. 

Table 1. — Seasonal variations in chemical composition of pasture grass {dry- 
matter hcLsis); average values for three seasons, 1929, and 1930 


[The values expressed in pounds per acre are true averages of the weights of the (Top at the several times 
of sampling as total weights would not be comparable betHiuse of the varying number of samples in the 
different groups] 


Month 

No. of samples 

I 

! Dry matter 

Nitrogen 

C’rude fiber 

Ether ex- 
tract 

1 Calcium 

Phos- 

phorus 

Percent 

Pounds 
per acre 

1 

1 

Pounds 
per acre 

Per cent 

Pounds 
per acre 

Per cent 

Pounds 
per acre 

Per cent 

If 

ii 

Percent 

Pounds 
per acre 

May 

20 

26. 5 

608 

3.6 

21.7 ' 

16.9 

103 

3.6 

22.1 

0.61 

3.1 

0.36 

2.2 

June 

13 

21.7 1 

1,324 

2.8 

37.2 

24.8 i 

328 1 

3.3 

43.9 ! 

.60 

7.9 

.36 

4.7 

July 

13 

27.8 

1,170 

2.6 

29.6 

26.6 

310 

2.9 

84.2 

.68 

6.7 

.32 

8.8 

August 

19 

30.6 

1,238 

2.6 

32.1 

26.3 

326 

3.1 

88.1 

.67 

7.1 

,31 

3.8 

September.. 

17 ! 

28,7 

911 

2.8 < 

26.6 

24.4 

222 

3.3 

30.6 

.66 

5.1 

.31 

2.8 

October 

16 

34.8 

769 

2.6 1 

19.9 

21.9 j 

168 

3.3 

26.7 

.69 

4.6 

.28 

2.1 

Total 

98 



! 










Average * 


27.7 


2.8 ! 



24.0 1 


3.2 


.67 


^32 



• The true average peroentage (^position of all the samples is recorded here merely as a matter of interest. 
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Figure 2.— -Seasonal variations in the chemical composition of grass from plots fertilized and 

grazed intensively 


/^£ve 
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Dry Matter 

The curve for the dry-matter content of the grass (fig. 2), shows a 
general upward trend with the advance of the season. The decrease 
from May to June is considered to be due largely to the abundant 
moisture in June, although the presence of dead grass from the pre- 
vious scason^s growth may have introduced an error that makes the 
values for May too high. In view, however, of the drop in nitrogen 
from May to June and the rise in crude fiber, the possibility of any 
considerable error in this connection seems remote. The drop in 
September is thought to be due partly to the late August and Septem- 
ber rains and partly to the lower temperatures of autumn which result 
in less drying out of pastures. In accordance with this reasoning, it 
would seem tnat the values for October should be still lower. On the 
contrary, they are the highest for the season, which is attributed to 
gradual cessation of growth due to the action of frost. 

Comparison of the dry-matter curve with the rainfall (uirve shows 
in general a close inverse relationship, although the changes in dry- 
matter content tend to lag somewrhat behind the variations in rainfall. 

The curve of dry-matter production has its high point in June with 
a slightly smaller peak in August. Despite a relatively very low dry- 
matter content in June, the ideal conditions for growtl) at that time, 
viz, abundant moisture and w^armth, result(*d in the highest dry-matter 
production of the season. In August the situation w^as the reverse of 
that in June — a relatively high diy-matter content ofi'sct a much 
lowered production of grass sufficiently to cause a second peak in the 
curve. The phenomenal rise in production of dry matter and all its 
constituents from May to June and the slump in July is (*Iearly 
depicted in Figure 2. 

Nitrogen 

The general trend of the curve for nitrogen content of the dry matter 
is downward with the advance of the season. The marked drop from 
May to June is particularly worthy of note. Jt is considered to be 
due partl3r to the diminishing influence of heavy early sjiring applica- 
tions of nitrogenous fertilizer, but this can not be the only (*ause as 
the curve for the control plot which had no fertilizer (fig. 4 (D)), also 
shows a decrease, althougn it is much smaller. It has been suggested 
that root reserves of nitrogen play a part here, being drawn upon 
extensively for the early spring growth. Also the much greater yield 
of grass in June than in May probably contributed to the lowered 
nitrogen content. The considerable rise in nitrogen from July to Sep- 
tember is attributed to the influence of the summer applications of 
nitrogen, as this increase was not manifest in the samples from the con- 
trol plot. The inverse relationship between nitrogen content and 
crude-fiber content, except at the end of the season, is very striking. 

The curve for nitrogen recovery is of the same general form as that 
for dry-matter production, as indeed are the production (or reinivery) 
curves for all constitutents determined. The form is that of a gro- 
tesquely sprawled letter M. In this case the June peak is considerably 
above the secondary peak in August. The July slump is more marked 
here than it is in the dry-matter curve. The similarity to the rainfall 

1* The term “recovery” is used instead of “fwoductlon” in those three cases in which the constituent 
undttr discussion is an element (nitrogen, calcium, or phosphorus). 
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curve (fig. 1) indicates a close relationship between amount of rain- 
fall and nitrogen recovery in the grass. 

Crude Fiber 

The curve for the percentage of crude fiber in the dry matter is the 
most regular of all. Commencing at much the lowest value in May 
it rises rapidly to its peak in July, dropping off as regularly but some- 
what more slowly as the season wanes. Part of this seasonal fluctua- 
tion probably is due to differences in stage of maturity of the samples, 
but since all samples were taken in the vegetative stage it would seem 
that there must be other factors of equal or greater importance in 
this connection. It seems reasonable to ascribe the fluctuations in 
fiber content largely to the interaction of two important growth factors, 
viz, moisture and sunshine. So long as the amount and intensity of 
sunshine is on the increase, which is the case until July, the process of 
fiber building proceeds rapidly. After June, the increase in fiber is 
further enhanced relatively bv the drying up of other plant tissues 
which follows in the wake of diminishing moisture supply with the 
advance of the season. Midsummer or soon thereafter seems to be 
the peak of the combination or interaction of these two factors, hence 
the high fiber values for July and August. The decrease in fiber con- 
tent with the advent of autumn may be due in part to the fact that 
the samples were less mature than those taken in midsummer, but is 
ascribed largely to rapid diminution in the amount of sunshine, esjie- 
cially so because the moisture supply remained scanty to the end of the 
season. This latter fact strengthens the assumption regarding the great 
influence of sunshine on fiber content for two reasons, (1 ) if sunshine 
were not an important factor, the fiber content should in(‘rease rather 
than decrease because of the drying-out effect of an increasing short- 
age of moisture; and (2) because of the dry autumn, conditions were 
not favorable for the production of a succulent new growth to which 
the decreased fiber content might otherwise be attributed. 

The principal points of interest brought out by the curve for pro- 
duction of fiber are (1) the very large increase from Mav to June, 
which is relatively higher than for any other constituent, and especially 
high in contrast with nitrogen and ether extract, and (2) the secondary 
peak in August is of the same magnitude as that for June, while in the 
case of all other constituents it is somewhat smaller. 

Ether Extract 

There is a sharp decrease in the percentage of ether extract from 
May to July, followed by a somewhat less rapid increase until Septem- 
ber. In general the curve resembles that for nitrogen content, and 
reasons similar to those given for nitrogen fluctuations can be assigned 
here. That these two constituents are quite closely associated in 
their ups and downs is further evidenced by the striking similarity of 
their production curves. 

Calcium 

There is some correlation, although it is by no means close, ^tween 
calcium content and crude-fiber content. The same marked increase 
from May to June and the downward trend later is noted in both 
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cases, although it commences sooner in the case of calcium. It is 
known that one of the functions of calcium in the plant is as a con- 
stituent of the middle lamella of the cell wall, so that a reasonable 
correlation ought to be evident here. The rise in calcium content in 
October is probably traceable to the calcium present in summer 
applications of nitrogenous fertilizers that carried considerable 
calcium. A study of Figure 4, in which the fertilized and control 
plot values have been separated, confirms this. 

Calcium recovery closely parallels dry-matter production, with a 
slightly greater peak in June. 


Phosphorus 

With phosphorus the trend is more definitely downw^ard all through 
the season than with any other constituent determined. It does not 

drop so rapidly in the early 
part of the season as does 
either nitrogen or ether ex- 
tract, but the increase later 
on, which characterizes these, 
is absent here. 

The curve for recovery of 
phosphorus differs from all 
others in not having a sec- 
ondary peak in August, al- 
though there is a break in its 
downward course at that 
point. Except for the much 
sharper rise from May to 
June it resembles the rainfall 
curve (fig. 1) very closely. 
The inference is that in dry seasons there may be a shortage of phos- 
phorus in pastures. * This is in agreement with the findings of other 
mvestigators. 

COMPARISON OF SEASONAL VARIATIONS IN GRASS FROM PLOTS RECEIVING DIF- 
FERENT FERTILIZER TREATMENTS 

Considering the seasonal differences in composition as a whole, it is 
apparent that from the standpoint of quality the grass on these plots 
was at its best in May, the content of nitrogen, phosphorus, and ether 
extract being at its maximum then, in association with a minimum of 
crude fiber and a dry-matter content somewhat above that for June. 
These facts confirm the old idea that the ‘‘early bite^' is particularly 
good feed. 

From the standpoint of quantity, the June growth naturally sur- 
passed that for all other months, and except for the fact that it was 
somewhat more watery, it was comparable m quality with that grown 
in September, being superior to the ^ptember grass in mineral content. 
The slump in both quantity and quality in July was probably inevi- 
table, but it is interesting to note the improvement in quality which 
commenced with the passing of nudsummer and continued into 
September. Coupled with a definite increase in August in production 
of dry matter and of all the constituents except phosphorus, this 



Figure 3.— Seasonal variation In nrmluction of fresh grass 
(composite for all plots) 
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improvement indicates that August and September pastures have 
greater potentialities than are generally recognized. It should be 
noted, however, that this August increase was due not to an increase 
in the amount of green grass produced, but to a sharp slackening in 



the rate of decrease in production of green grass (fig. 3), accompanied 
by a relatively high dry-matter content. 

Although in the nature of things uniform pmduction and quality 
throughout the season are impossible of attainment, it is believed 
that some of the irregularities could be smoothed out considerably. 
If some of the June peak could be pushed over into the July depression 
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and if the relatively high quality of ^ptember grass could be attained 
a month earlier, one of the difficulties of pasture management would 
be minimized considerably. Less fertilizer in the spring and more 
in the summer would be a step in this direction, if summer Tabor condi- 
tions permitted such a change of plan. The problem is one for tlu^ 
agronomist and farm-management specialist. 


Table 6. — Seasonal variations in chemical composition {on a dry-matter basis) of 
pasture grass grown on plots fertilized with and without nitrogeriy and on check 
plots y in 19188y 1929y ana 1930 



Dry matter 

Nitrogen 

Crude 

fiber 

Ether 

extract 

(Calcium 

Phos- 

phorous 

Plot group, mouth, and treatment 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

Per cent 

Pounds per 
acre 

. (.Complete fertilizer plus summer 
applications of nitrogen) : 













25. 1 

665 

3.9 

25.9 

16.2 

108 

.3.7 

24.7 

(). 50 

;1.3 

0. :i9 

2. 6 

June 

20.7 

1,450 

3.0 

43.2 

24.0 

367 

:i.4 

49.2 

.00 

8.7 

.37 

5.4 

July 

2fi.8 

l.2<15 

2.6 

33.2 

20.4 

m 

3.0 

37. 3 

; .58 

7.3 

.32 

4. 1 

August—.. 

29.5 

1, 325 

2.7 

35.9 

20. 1 

346 

3. 1 

41.5 

1 ..55 

7.3 

.30 

4.0 

September. 

20.0 

942 

3.0 

28.7 

2:1.8 

224 

3.4 

31.9 

1 . 50 

.5.3 

.:i2 

3.0 

October 

34.3 

791 

2.6 

20.8 

21.6 

171 

3.3 

2.5.9 

! .00 

4.7 

.28 

2.2 

(Same fertilizer as above l>ut not 
grazed until July) : 













May 

23.6 

711 

3.8 

27.3 

19.0 

1.35 

:i.6 

25.3 

..55 

:i.9 

.34 

2.4 

June 













July 

26.8 

1,149 

2.0 

^.5 

‘iii 

311 

3. 0 

34. 0 

.07 

7.0 

.27 

3. i 

August - 

32. 5 

1,049 

2.5 

26.1 

20.4 

277 

3.0 

31.6 

. 50 

6.8 

. 25 

2.0 

September 

:io .2 

880 

2.5 

21.6 

24.8 

154 

3. 3 

29.2 

..54 

4.8 

.24 

2. 1 

October 

38.0 

863 

2.4 

20.4 

2:i.2 

200 

3.3 

28.5 

.02 

5.3 

.21 

1.8 

(No nitrogen, superphosphate, 
m\iriate of potash) : 





I 








May. - 

32.6 

416 

2.7 

11.2 

18.6 

78 

3.0 

14.8 

.49 

! 2. 1 

..30 

1.3 

June 

22.0 

1,323 

2.9 

38.6 

21.7 

287 

3.7 

48.4 

.70 

9.2 

.:i2 

4.3 

July..... 

34.4 

976 

2.2 

21.9 

26.7 

261 

3. 0 

29.0 

..50 

4.9 

.33 

3.2 

August 

47.6 

1.352 

2.2 

30.2 

26.4 

3.57 

2.7 

35. 8 

.73 

9.8 

.22 

'A. 0 

September . . 

45,0 

867 

2.1 

17.9 

25.2 

219 

3.3 

28.8 

..54 

4.7 

.24 

2. I 

Octol>er- --- .. 

32.0 

871 

2.7 

23,6 

21.9 

191 

4. 1 

:i.5.9 

..57 

5. 0 

. 25 

2.2 

KControl) unfertilized: 













May 

33.0 

506 

2.4 

12.2 

19. 0 

90 

3.3 

16.6 

.,54 

2.8 

.24 

1.2 

June 

28. 1 

946 

2.0 

18.6 

26.8 

254 

2.8 

20.7 

. 55 

5.2 

.30 

2.8 

July - 

34.4 

790 

2.0 

1.5.7 

27.7 

219 

2.7 

[ 21.4 

.01 

4.8 

.31 

2.4 

August... . 

32.2 

904 

2.1 

19.3 

20.9 

244 

,3.0 

27.0 

.01 

5.5 

.36 

3.2 

September 

53. 3 

766 

1.7 

12.9 

28.6 

216 

3. 1 

23.1 

.57 

4.3 

.27 

2. 1 

October 

44.1 

675 

2.1 

11.8 

24.3 

140 

3.3 

19.2 

.54 

3.1 

.20 

1.5 


« rut for hjiy. 


Attention is directed briefly to Table 6 and Figure 4. In the latter 
a comparison is drawn between the values obtained on the fertilized 
plots and those obtained from the control plot. In general the curves 
are quite similar in trend. The high point of production in June was 
accentuated by the use of fertilizer, but the high point in Augiist 
(phosphorus excepted) was of similar magnitude in both cases. The 
tendency for the cuiwes to approach each other at each end of the 
season while being relatively well separated from June to September, 
is worthy of note. 

It is interesting to observe the relatively great difference in both 
composition and production between the two groups in May as re- 
gards nitrogen, phosphorus, and ether extract. 

The curves for content of calcium and phosphorus are an exception 
to the general similiarity in the fluctuations of the two groups. One 
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effect of the fertilizer seems to have been to speed up assimilation of 
calcium early in the season with the result that the highest value and 
the subsequent decrease came about a month earlier than they did on 
the check plot. The second rise in the curve for fertilized plots from 
August onward is attributed, as already stated, to the readily soluble 
(’alcium contained in summer applications of nitrogenous fertilizers 
carrying considerable calcium. It is thought that the curve for the 
check plot more nearly represents the normal seasonal changes in 
calcium content. It is in agreement with the curves for calcium 
given by Orr.^*^ 

A similar stimulating effect of the fertilizer on phosphorus assimila- 
tion is evident, the high point for phosphorus content coming in May 
where fertilizer was applied, but not until August on the control plot. 

SUMMARY AND CONCLUSIONS 

The results of analyses of 137 samples of grass taken during the 
growing seasons of 1928, 1920, and 1930 from nine 8-acre pasture plots 
which were fertilized and p*azed intensively are reported, discussed, 
and interf)reted. The fertilizer treatment varied slightly from season 
to season, but the general plan involved the application of a con- 
centrated complete fertilizer in early spring, followed by several 
summer aj)plications of a concentrated nitrogenous fertilizer. The 
plots were grazed in rotation and stocked with sufficient cattle to keep 
the grass (|uite short. Samiffes of the herbage on each plot were taken 
at the commencement of the pasture season in May, and at the con- 
clusion of the rest periods of the plots, just before the cattle were 
turned in. Dry matter, total nitrogen, crude fiber, ether extract, 
calcium, and phos])horus were detennined. 

The most outstanding effects of the system were to increase con- 
siderably the dry matter produced per acre and at the same time to 
lower the dry -matter content of the fresh grass, and to increase greatly 
the nitrogen <*ontent of the dry matter. All other constituents, crude 
liber excepted, were increased, although the effect on the (*alciuni 
content of the grass was slight. The effect of nitrogen in producing a 
succulent grass and a relatively large amount of dry matter was very 
marked. 

Inasmuch as the nutritive value of feeds is measured somewhat by a 
minimum of fiber and a maximum of other constituents, it may be 
assumed, in the absence of actual feeding trials, that the grass from 
the fertilized plots was superior as a feed to that from the control plot. 

A study of the seasonal variations in 98 of the samples showed that 
the quality of the grass on these plots was at its best in May, and that 
in quantity of grass, June surpassed all the other months. Except in 
its mineral content, the September grass was comparable in quality 
with that grown in June. 

The decrease in production in July w^hile very evident was followed 
by just as evident an increase in August, some constituents showing 
nearly as high a production then as they did in June. This August 
increase was in dry matter, not in fresh grass. 

Except in the case of the minerals (Ca and P), the assimilation of 
which it evidently stimulated, the fertilizer treatment had little effect 

» Orr, J. B., with the assistance of SrHKRBATorr, H., minerai.s in pasture a their relation to ani- 
mal nutrition. P.38-39. London. 1929. 
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on seasonal fluctuations in composition. It did, however, accentuate 
markedly the peak of production in June. 

There is a close correlation between amount of rainfall and pro- 
duction or recovery of the more valuable constituents of the grass. 
This is especially true of the nitrogen, phosphorus, and ether extract. 

Grass kept in the vegetative stage by grazing may be q^uite different 
in chemical composition in midsummer from what it was m the spring. 
The growth factors, notably the amount of rainfall and sunshine, exert 
their influence irrespective, to some extent at least, of the stage of 
growth of the plant. 

The practical suggestion which is the obvious corollary to this study 
is that an attempt should be made to lessen these seasonal irregularities 
if and where possible. Less fertilizer in the spring and more in the 
summer is suggested as one remedy, if it be practicable. 


«. S. eoVEHHIKBNT MIKTIHG OFFICE i !#»» 
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COMPARISON OF CONFORMATION, ANATOMY, AND 
SKELETAL STRUCTURE OF THE COW AND BULL OF 
A DAIRY BREED* 

By W. W. SwETT, Senior Dairy Husbandman; R. R. Graves, Chief; and Fred W. 
Miller, Senior Veterinarian and Physiologist ^ Division of Dairy Cattle Breed- 
ing^ Feeding^ and Management^ Bureau of Dairy Industry^ United States Depart- 
ment of Agriculture 

INTRODUCTION 

A compariflon of the conformation, 4in atomy, and skeletal structure 
of two cows representing the highly specialized dairy and the highly 
specialized beef types was presented in a previous paper.'* Although 
these cows were found to differ greatly in external fonn, the differ- 
ences in weight and size of their internal organs were not sufficient 
to indicate significant differences in function, and their skeletal 
structure was similar in most particulars. Except for the extreme 
differences in external form, the quantity of secretory tissue in their 
udders was the most striking difference noted. These findings led to 
the conclusion that the evolution of the dairy and beef types, whi(‘h 
has been accomplished through breeding and selection over a period 
of many years, has not materially altered their skeletal structure, 
but that the difference in type is due to extreme fleshing on the one 
hand and to udder development and absence of fleshing on the other. 
The results of this study suggested the advisability of making a 
similar comparison of the conformation, anatomy, and skeletal 
structure of a cow and a bull of the same breed. 

Sophie 19th of Hood .Farm 189748, whose anatomical data had 
already been completed and published, w^as chosen for this study. 
She had made a world’s record by producing 17,557.8 pounds of milk 
and 999.1 pounds of butterfat in one year. She had also made a world’s 
record for lifetime production by producing 7,544.51 pounds of 
butterfat in 1 1 yearly official records. The bull used for comparison 
was Majesty’s Fern’s Noble Fox 193952, a representative specimen 
of the Jersey breed. For the sake of brevity, Sophie 19th of Hood 
Farm and Majesty’s Fern’s Noble Fox will subsecpiently be referred 
to as ''the cow” and "the bull.” 

The average weights of Jersey cowl's and bulls are about 900 pounds 
and 1,500 pounds, respectively.^ When the cow was measured she 
was in fair flesh and weighed 927 pounds. She would probably be 
considered somewhat above the average for the breed in size — espe- 
cially in frame. The bidl was in good flesh and weighed 1 ,500 pounds 


» Iteoeived for publication Mar. 9, 1932; issued November, 1932, 

> SwETT, W. w.. Graves, K. R,, and Miller, F. W. comparison of conformation, anatomy, and 
SKELETAL STRUCTURE OF A HIGHLY SPECIALIZED DAIRY COW AND A HIGHLY SPECIALIZED BEEF COW. Jour. 
Agr. Research 37: illus. 685-717, 1928. 

3 Nystbom, a. B. DAIRY CATTLE BREEDS. U. S. Dept. Agr. Farmers' Bull. 1443, p,26. 1930. 
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when the ante-mortem data were obtained. He can, therefore, be 
considered as of average size for the breed. The cow was 19 years 
and 4 months of age and the bull was 6 yearn and 6 months of age. 
Photographs of the living animals are shown in Figures 1~3. 



FiovRB 1.— Side view of cow and bull 


ANTE-MORTEM DATA 

The conformation or type of an animal must be expressed in 
numerical terms before it can be analyzed or compared with that 
of another. This is accomplished by making a number of external 
measurements, so selected that they represent the size, proportions, 
and outlines of the body. The method of measuring adopted by the 
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Bureau of Dairy Industry for studying growth, and the relationship 
between conformation, anatomy, and producing capacity of dairy 
cows, was applied in making this comparison. The difficulties 
experienced in measuring the Aberdeen Angus cow ^ were not en- 
countered in the case of this bull as he was not carrying an excessive 
amount of flesh. The ante-mortem data in this comparison are, 
therefore, more nearly representative of the actual conformation 
of the animals, since the body landmarks were readily located. 
The external body measurements which represent the conformation 
of the cow and the bull, together with the relation of the measure- 
ments of the bull to those of the cow, expressed in percentage, are 
given in Table 1. 


Table 1. — Ante-mortem external mmaurements of cow and hull 


Item measured 

Instrument used 

Unit 

Cow 

Bull 

Relation 

of 

measure- 
ments 
of bull 
to those 
of cow 

Thickness of hide - 

Vernier caliper 

Centimeters. 

0. 66 

1. 16 

Per cent 
175.8 

Live weight 

Pounds. .. 

927. 00 

1,500.00 

161.8 

Height at withers 

Measuring stand- 

Centimeters 

12K.17 

128.06 

99.9 

Height at hips 

ard. 

... ,do . 

.... do 

122.60 

126. 31 

102. 3 

Height at pin bones 

Length, toi) hips to tor) pin bones 
(length of rump). 

Depth of fore chest 

do 

Taiie line 

do 

— do 

117.CK) 

41.00 

121.60 
42. 60 

103. H 
103. 7 



71. 60 

73. 60 

102.8 

i)ei)th of rear chest 

do 

- .. do 

71.00 

76.00 

107.0 

Depth of paunch 

Wiath of fore chest. . - 

... do. 

... do 

71. 17 

80.00 

112.4 

do 

do 

36.17 

50.00 

I 138.2 

W Idth of rear chest 

-- do . 

do 

66. 33 

67.00 

1 118.9 

Width of paunch . 

Width of nips 

do. .. 


60.17 

73.50 

122. 2 

do 

— do 

48.00 

50. 26 

I 104.7 

Width of pin bones, - , . 

do ... i 

. . do 

29.60 

32.00 

108. 6 

Width of thurls 

do.... i 

. . . do 

43. 00 

44. 60 

103. 5 

Width of loin . 

do .. . ... 

do 

29.00 

32.50 

112.1 

Length, withers to line between hips. 

Tarie line . . 

do 

88.60 

92.00 

104.0 

Length, line between hir)S to pin bones 

. do ... 

--- do... 

63.00 

51.00 

96.2 

Total length from withers to pin bones. 
I^ngt/h of loin 

, ..do... 

do 

141.60 

143. 00 

101. 1 

.. -do 

do 

38.00 

37.00 

97.4 

Circumference of fore chest 

, ..do.. 

. . . . do. 

177. 67 

209.00 

117.6 

Circumference of rear chest 

...do- 

do. 

20:i.67 

229.00 

112.4 

Circumference of paunch . _ 

Width of forehead 

— do— 

do 

do 

do 

do... 

213. 67 
22.00 
44.00 

249.00 

29.00 

56.00 

116.5 

131.8 

127.3 

Circumference of muzzle 

do 

liongth from poll to mouth 

— do . .. 

do 

66.00 

61.00 

108.9 

Circumference of shin bone 

do 

do 

10.50 

19,00 

115.2 


The percentage value in each instance shows the relation of the 
measurement of the buU to that of the cow. A value above 100 
indicates a greater measurement for the bull than for the cow, and 
a value below 100 indicates a greater measurement for the cow than 
for the bull. Comparing the conformation of the two animals on 
the basis of these percentage values is more significant than com- 
paring them on the basis of the difference in units of measurement, 
for a difference of 1 cm in one body measurement may be propor- 
tionately as great as a difference of 10 to 15 cm in some other measure- 
ment. For example, a difference of 2.5 cm in circumference of 


< SWBTC, W. W., Qbavjcs, R. B., and Miller, P. W. Op. clt. 
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sliin bone gives a percentage of n5.2, whereas a difference of 35.33 
cm in circumference of paunch gives a percentage of 116.5. 

The highest percentages are for thickness of liide and live weight, 
neither of which is indicative of conformation. Of the 25 measure- 
ments which are indicative of skeletal size, body proportions, or 
conformation, the one having the highest percentage is width of 
fore chest and the one having the lowest percentage is the length 
from a point midway between the hips to the pin bones. 

Five groups of items representing (1) lengths, (2) heights, (3) 
depths, (4) widths, and (5) circumferences have been studied sepa- 
rately. 

Percentages for the measurement of length range from 108.9 to 
96.2, and average 101.9 when the length of head (poll to mouth) is 
included and 100.5 per cent when omitted. This shows that the two 
animals differed very little in length. 

The three percentages for height range from 103.8 to 99.9 and aver- 
age 102.0, showing that in height of body also the two animals were 
nearly the same. 

The percentages for depth of body range from 112.4 to 102.8 and 
average 107.4, indicating that the depths of the two animals differed 
relatively more than either the lengths or heights, but were not 
extreme. 

Body widths are not entirely consistent in their relationships. 
The percentages range from 138.2 to 103.5. The average of the eight 
which constitute this group is 117.5, but if the width of forehead is 
excluded the average is reduced to 115.4. Three (width of fore chest, 
rear chest, and paunch) apply to barrel measurements. They range 
from 138.2 to 1 18.9 and average 126.4. Four of the widths (loin, pin 
bones, hips, and thurls) are measurements of body dimensions but are 
more significant of skeletal width than are the three barrel wddths. 
The range for these four skeletal widths is from 112.1 to 103.5 per 
cent and the average is 107.2 per cent. In relative width of body the 
bull was, therefore, considerably greater than the cow. 

P^ive circumferences were measured. The percentages range from 
127.3 to 112.4 and average 117.8. The exclusion of circumference of 
muzzle and circumference of shin bone reduces this average to 115.5. 
The circumferences of the bull are, therefore, distinctly greater than 
those of the cow, and represent the highest average percentage of any 
group. 

The average of the percentages for the entire group of 25 body 
measurements is 110.7, which shows that the bull, in general, was 
larger than the cow but that the difference in measurements does not 
approach the difference in live weight. This is true not only of the 
averages for any group but for every individual item measured. The 
exclusion from group averages, of length from poll to mouth, width of 
forehead, circumference of muzzle, and circumference of shin bone, 
has been made because in some respects these items may not be as 
indicative of body size or body scale as the others. 

As a supplement to the data in Table 1, a number of additional 
items were derived in order to determine more completely the relation 
between the conformation of the cow and of the bull. The results are 
given in Table 2. 
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Table 2. — Supplemental ante-mortem data and factors showing relation between 
conformation of cow and hull 






Relation 





of confer- 





motion of 



Cow 

Bull 

bull to 





confor- 





mation of 





cow 

Contour area of fore chest: 




Per cfnt 

Total . ... . 

square centimeters. . 

1.M82 

2,7(12 

140.8 

Portion above vertical mid-point 

.do...- 

973 

t,41« 

145. .5 

Portion below vertical mid-point . 

do. . 

m 

1,340 

148. 1 



51.7 

51.3 


Percentajre of total iiel(*w vertical mid-point 

do 

4S.3 

4N.7 


Contour area of paunch: 





Total 

.s(iuare centimeters. 

3. 22(1 

4, 559 

141. 3 

Portion ai>ovo vertical mid-point 

do 

i.pjr) 

2, 01 S 

141.(1 

Portion below vertical mid-point 

. . do... 

l.Vfll 

2, .541 

141. 1 

PercentaKe of total above vertical mid-point.. 

per cent-- 

44.2 i 

44.3 


Percentage of total below* vortical mid-iK)int 

do. 

55. H 1 

55.7 


Slope of rump... 

degrees-minut.es 

-7 43 

-5 9 

do' 7 

Thoracic index 

ratio.. 

1.977 

1.470 

74.4 

Abdominal in de v 

do . 

1. IS3 

LOSS 

92.0 

Volume of bairel 

_ cubic centimeters . 

22fi. 029 

330. 700 

149. 0 

Ilody-surface area 

. square centimeters. 

47, 470 

57,912 

122. 0 

Logginess . . . 

ratio . 

0. 442 

0.420 

tKl. 4 

Wedge shape: 





Difference in measiirements— 





Depth of jiaunch minus depth of fore chest. 

. „ . . centimeters 

-0.33 

4 0. 50 


Width of paunch minus width of fore chest. 

do 

+21.00 

+23. .50 


Circumference of paunch minus circumference of fore chest 





.. .(entimeters. 

+3(1. 00 

+40. 00 


Contour area of paunch minus contour 

area of fore <'hesl 






. .square centimeters. . 

+ 1,344 

+ 1,797 


Ratio of measurements— 





Depth of paunch to depth of fore chest. .. 

- ratio. 

0. 995 

1.0K8 

109, 3 

Width of paunch to width of fore chest 

do. .. 

1.6(14 

1.470 

88.3 

Circumference of paunch to circumference of fore cheat do... 

i.£o:i 

1. 191 

99. 0 

Contour area of paunch to contour area of fore chest do.. . 

1.714 

1.051 

90. 3 


At the tirne the ante-mortem measurements were made with tape 
line, measuring standard, and calipers, contours or cross-section out- 
lines of the body at the fore chest and paunch were drawn life-size 
on specially ruled sheets of paper. An apparatus designed and con- 
structed for the purpose was used in making the contours. In many 
respects contours are more significant than caliper measurements, 
for two animals that have identical vertical and transverse measure- 
ments may difl’er greatly in cross-section areas as a result of differ- 
ences in shape. For example, the chest of one may be full and rounded 
whereas that of another may be constricted above or below the 
point of maximum width. Again, the paunch of one may be round and 
full with the maximum width near the vertical mid-point, whereas 
that of another may be slab-sided, with its maximum width near 
the lower extremity of the vertical axis. The areas of the contours 
were measured with a planimeter. A study of a large number of 
body contours throws some light on the distribution of the cross- 
section area of the body at different planes. The writers expect to 
study the relation of that distribution to the size of some of the 
internal organs. The contours of the fore chest of the cow and bull 
are illustrated in Figure 4; those of the paunch are shown in Figure 5. 

Both of the percentages showing the relation between the total 
contour area of the bull and that of the cow at the fore chest and at 
the paunch (146.8 and 141.3, respectively) are higher than any of 
ttiose representing body conformation in Table 1. To determine 
tl^e disributtion of a contour area, the procedure regularly followed 
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is to divide each contour into two parts by drawing a horizontal line 
through a point on the median line exactly halfway from its highest 
to its lowest extremity. The two areas formed by the horizontal 
line through the vertical mid-point are measured separately and are 
referred to as the portions above and below the vertical mid-point. 
Although wide vanations in the distribution of the areas of contours 
have been found to occur with other animals of the same breed, the 
distribution for fore chest and for paunch is remarkably similar for 
the cow and bull. In the fore-chest contours the portions above 
and below the vertical mid-point were, respectively, 145. .5 and 14S.1 



per cent as great for the bull as for the cow. Both of these percentages 
are similar to the percentage (146.8) representing the relationship 
between the total fore-chest areas. Also, the portion of the total area 
above the vertical mid-point was 51.7 per cent for the cow and 51.3 
per cent for the bull. 

The similarity of distribution of areas in the fore-chest contours 
of the two animals is shown in every comparison in spite of the fact 
that the two contours differ considerably in shape. (Fig. 4.) The 
contour areas of the paunch also differ in shape, although both indicate 
a deep but slab-sided barrel. (Fig. 5.) As in the case of the fore 
chest, both of the percentages which show the relation of bull to cow 
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for the portions above and below the vertical mid-point are very 
close to the corresponding one for total paunch areas. Although 
slightly more than half the total area of the fore chest was above the 
vertical mid-point, considerably more of the paunch was below 
the vertical nud-point in both the cow and the bull. This is in accord 
with observations that both animals were deep in the paunch and 
inclined to be slab-sided. The distribution of paunch areas for the 
cow and bull is surprisingly similar. 

The slope of rump, or its angle of inclination from the horizontal, 
was calculated on the basis of the difference between the height at 



Fjoijee 5.— ’Contours of paunch (cow, solid line; bull, broken line) 


liip and the height at pin bone and the linear distance between these 
two points. Wlien the pin bone is lower than the hip point the angle 
of rump is minus; when the pin bone is higher than the hip point it is 
plus. The angle of inclination, or slope of rump, of the bull was 
— 5° 9' as compared to - 7° 43' for the cow. The percentage showing 
the relation of the slope of rump of the bull to that of the cow (66.7) is 
distinctly misleading, as it indicates a wide difference between the 
two animals. However, in consideration of the fact that the angles 
of rump measured in the writers’ studies with a large number of 
animals have varied from +9"^ 36' to - 18® 68', a total range of 28° 
34', the difference in angle between the cow and bull is almost 
negligible. 
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The thoracic index is the relation of depth to width of fore chest. 
Tlie thoracic indexes indicate that the fore chest of the cow is relatively 
deep and narrow, whereas that of the hull is decidedly wider in 
proportion to its depth. 

The abdominal index is the relation of depth to width of paunch. 
The abdominal indexes show that the bull was only slightly wider 
than the cow in proportion to depth of paunch. 

Volume of barrel is an approximation obtained by multiplying 
one-half the sum of the fore-chest and paunch-contour areas by 
the length from withers to a line between the hips. The volume 
of the bull was 149 per cent as great as that of the cow. This per- 
centage is similar to those for contour areas of fore chest and paunch, 
and is higher than any other percentage showing the relation between 
the measurements of the bull and the cow, except thickness of hide 
and live weight, neither of which is indicative of skeletal size, body 
proportions, or conformation. 

The body-surface area was calculated by the Hogan and Skouby ® 
formula (S ^ X L'^ X K) ^ in which /S'= surface of body in square 
centimeters, W=live weight in kilograms, X== length from withers 
to pin bones in centimeters, and iC=a constant, which for cattle 
is 217. The area of the bull was 122 per cent as great as that of 
the cow, which is near the maximum of the percentages ‘ repre- 
senting the relation of the conformation of the bull to that of the 
cow, and higher than the average for any major or minor group 
of measurements except the average for the three widths of barrel 
(126.4 per cent) taken at the fore chest, rear chest, and paunch. 

Leggmess is the relation of length of forelegs to height at withers 
and is determined by dividing the length of forelegs by the height 
at withers. Length of forelegs is determined by subtracting the 
depth of fore chest from the height at withers. The two animals did 
not differ greatly in logginess. 

The weage shape of an animal is the amount of divergence between 
the opposite walls of the barrel. It is determined by comparing the 
measurements of the paunch with those of the fore chest and is 
expressed in two ways: (1) The difference in units of measurement 
between the depths, widths, circumferences, and contour areas of 
the paunch and fore chest, and (2) the ratio of the depth, vddth, 
circumference, and contour area of the paunch to the depth, width, 
circumference, and contour area of the fore chest. The two animals 
differed considerably in wedge shape. The cow was slightly deeper 
at the chest than at the paunch, but the bull was 6.50 cm deeper 
at the paunch than at the chest, showing that the vertical wedge 
of the bull was decidedly greater than that of the cow. Other 
differences in wedge shape are shown in Table 2. 

Since the bull was much larger and heavier than the cow, one 
might expect a greater difference in units of measurement between 
the paunch and fore chest of the bull than between those of the 
cow. However, the ratios of the paunch measurements to the 
fore-chest measurements of depth, width, circumference, and con- 
tour areas for the cow and bull may be independent of the size of 
the animal, provided the distances between the planes used in 
measuring the fore chest and paunch of the cow and the bull do 

*Hooan, a. G., and Skoubv, O. 1 . determination of the hubfack area of cattle and swine. 
Jour. Agr. Research 26 : 419-430, illus., 1923. 
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not differ materially. The average for all the length measurements 
of the body, excei)t the length of the head, is 100.5 per cent and 
the length from withers to hips is only 104.0 per cent as much for 
the bun as for the cow. These differences are among the lowest 
recorded for any of the body measurements. 

As an illustration of the relative significance of the differences in 
units of measurement between paunch and fore chest and of the ratios 
between these measurements, let it be assumed that one animal 
measures 20 cm in width of fore chest and 30 cm in width of paunch, 
while another measures 40 cm in width of fore chest and 60 cm 
in width of paunch. The difference in units of measurement would 
be 10 for the former and 20 for the latter. On this basis the value 
for the second animal would be 200 per cent as great as for the first. 
On the basis of ratios of paunch to fore chest, each would be 1.50 
and the relation of one to the other would be 100 per cent. The 
differences in units of measurement are, therefore, less significant 
of the relative wedge shape of the two animals than are the ratios 
of the paunch to the fore-chest measurements. Because of this 
fact the percentages showing the relation of the conformation of 
the bull to that of the cow are omitted for the diflerences but are 
included for the ratios. The differences, however, show very effe<v 
tively the reverse wedge in depths for the cow, and that, although 
the bull is much larger than the cow, the difference between widths 
of paunch and fore chest is slightly greater for the cow than for 
the bull. This undoubtedly is due to the fact that the cow was 
deep and narrow in the fore chest and the bull was relatively much 
wider in proportion to his depth. This observation is in agreement 
with the thoracic indexes reported. Although differences in meas- 
urements would give one the impression that, except for width, 
the bull had greater wedge shape than the cow, the ratios themselves 
and the percentages indicate that the wedge shape of the bull was 
less than that of the oow in every measurement except depth. 

POST-MORTEM DATA 

A post-mortem study of the anatomy of the cow and the bull was 
made in accordance with the plan adopted by the Bureau of Dairy 
Industry for the purpose of determining the relation of conformation 
and anatomy to milk and butterfat producing capacity. The cow 
was killed W the injection of chloroform and the bull was killed by 
bleeding. The cow’s lungs and liver retained large quantities of 
coagulated blood, so that these organs were excessive in weight and 
could not be compared satisfactorily with those of another animal. 
The bull’s organs, when weighed, were all practically free of blood. 
The necessity for preserving the skeleton without injury prevented 
the recovery of the brain and pituitary body. The weights and 
measurements of the organs recovered which were not materially 
affected by blood retention, are listed for comparison in Table 3. 

The term empty body weight” is used in this study to represent 
the net weight of the total animal structure. It is determined by 
subtracting the total weight of the contents of stomachs and intes- 
tines from the live weight. Empty bodjr weight is more significant 
than live weight because it eliminates variations due to differences in 
amoimt of feed or water consumed before we^hing or to differences 
in intervels between feeding or watering and time of weighing. 
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Table 3. — Post-mortem data for cow and bull 




Weight or measurement of organ or part 

Relation of data of 






- 



bull to 

( those of 



Cow 

Bull 

cow 


Item 



l^nits 


Units 


TTnits 




per lOO 


per 100 


per 100 



Actual 

pounds 

Actual 

pounds 

Actual 

pounds 



units 

empty 

units 

empty 

units 

empty 




hotly 


body 


body 




weight 


weight 


weight 







Per cent 

Per cent 

Empty body w’oiKht 

pounds 

76H. 50 


1,329. 30 


173.0 


Weight of hide - 

- do 

.55.00 1 

7. in 

11.5.00 

8. 65 

209. 1 

120.8 

W'tdght of i)ancmis. . ...... 

-.grams _ 

in) 


(MO. (K) 

4.81 



Weight of kidneys. . 

_. do 

1,44.5. K5 

J88. 14 

1,270. 08 

95. .55 

87.8 

60.8 

W' eight of adrenals 

..do 

37. 00 

4. 81 

41.40 

3. 11 

111.9 

6*4.7 

Weight of sjjdeon,. . 

do-. 

822. 15 

106.98 

1, .542. 24 

1 16. 02 

187.0 

108. 5 

W'eight of liver.-. . . .... 

pounds . 

(5) 


20. 60 

1.55 



W'eight of small Intestine .. 

- do 

13. 00 

1.69 

15.65 

1. 18 

120.4 

69.8 

Weight of large intestine. 

. do 

22.50 

2.93 

10. 70 

.80 

47.6 

27.3 

Total weight of empty intestines 

. do ... 

35. 50 

4.62 

26. 35 

1.98 

74.2 

42.9 

Weight of i ntestine contents . . . 

do 

32.00 

4. 16 

20. 90 

1.57 

65. 3 

37.7 

L(!ngt,h of small intestine 

...feet 

132. .50 

17.24 

164. 9S 

12.41 

124. 5 

72.0 

Length of large intestine 

.do.— 

34. W) 

4. 42 

41.98 

3. 16 

12.3. 5 

71.. 5 

Total length of intestines . - . 

do - - 

too. .50 

21.67 

206. 96 

1.5. .57 

124.3 

71.9 

1'<»tal weight of emfity stoiuaelis 

pounds 

47, 00 

6. 12 

37. 05 

2. 79 

78.8 

4.5. 6 

Weight of stomach contenLs.. 

do . 

J26..50 

16. 46 

9.3. 80 

7. 06 

74.2 

42.9 

Weight of abdominal fat 

. .do 

34. 63 

4. .51 

63. 15 

4. 75 

182. 4 - 

105. 3 

Weight of right lung 

.do 

(<•) 


4.M) i 

. 36 



Weight of left lung 

d<» . 

(e) 


3.90 i 

.29 



Total weight of lungs 

. . do 

(c) 


8. 70 

.65 



('ireumferenee of heart (near base) 








45. 00 

.5, 86 

4.5. .50 

3. 42 

101.1 

58.4 

(Mrcuinfereneeof heart (over apex) -do . . 

48.00 

6 25 

.54. 50 

4. 10 

1 13. 5 

65. 0 

W'elght of heart(auri(de.s removed) pounds 

3.94 

..51 

4. 75 

.36 

120.6 

70.6 

Weight of thoracie fat .. . 

. .do 

.5. 50 

.72 

3. 80 

.29 

69. 1 

40.3 

Weight of thyroid 

-grams . 

23. 00 

2.99 

72.00 

5. 42 

313.0 

181.3 


“ PaiipiTas oinitteil. Liver abnormal. liUngs filled with (tlolled blood. 

Table 3 gives for the cow and the bull (1) the weight or measure- 
ment for each item, (2) the number of units of weight or measurement 
for each 100 jxnmds of empty body weight, and (3) the percentage 
relation of the anatomy of the bull to that of the cow on the basis of 
both. Twenty different items are compared. In 13 of these the 
weight or measurement for the bull is greater. In the group of 7 
items which weighed or measured less for the bull than for the cow, 
2 represent contents of the digestive tract which are subject to condi- 
tions of management and which consequently have little significance; 
1 is the w^eight of thoracic fat, which probably is also of little signifi- 
cance; 2 are weights of empty intestines, which may be affected to a 
considerable extent by inability to remove all of the fat, and 2 are 
total weight of empty stomachs and weight of kidneys, both of which 
are readily prepared "and comparable. 

Although the weight of intestines is subject to some error as a result 
of adhering fat, the length of intestines can be measured readily and 
accurately. The lcng:th of the cow’s intestine does not approach the 
maximum or the minimum recorded in a previous post-mortem study 
of many cows representing several breeds of dairy cattle.® The 
length of the bull’s intestine, although considerably greater than 
that of the cow, is about 35 feet less than the maximum recorded in 
the study mentioned. 

« Unpublished data in files of Bureau of Dairy Industry. 
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The retention of blood in the lun^ of the cow prevented a deter- 
mination of the total limg weight. The total lung weight of the bull 
was 8.70 pounds. For 229 cows slaughtered in a packing house, 
whose average empty body weight was 941 pounds, the average lung 
weight was 7.36 pounds. This is 0.78 pound for each 100 pounds of 
empty body weight for the 229 cows, as compared with 0.65 pound 
for the bull. Apparently the lung weight of the bull was compara- 
tively low when considered on the basis of the weight of total animal 
structure. 

The weight of the bull's heart was 4.75 pounds or 0.36 pound per 
100 pounds empty body weight, as compared to 0.51 pound for the 
cow and 0.47 pound for 247 of the slaughterhouse cows previously 
mentioned. Wien the actual weight of the bull's heart is compared 
with that of the cow included in this study, or with the group of 
slaughterhouse cows, it is slightly higli, but the weight for each 100 
pounds of empty body weight is distinctly low. The measurements 
of the heart were slightly greater for the bull than for the cow when 
compared on the basis of the actual units of measurement. 

The difference in empty body weight of the cow and the bull was 
560.8 pounds as compared with a difference of 573 pounds in the 
ante-mortem live weight, and although the relation of bull to cow 
was 161.8 per cent in live weight, it was 173.0 per cent in empty 
body weight. A comparison of the other post-mortem data of the 
two animals on the basis of the actual units of weight or measurement 
shows that the values range from a maximum of 313.0 per cent for 
weight of thyroid to a minimum of 47.6 per cent for weight of large 
intestine. Whereas in the ante-mortem data only 3 of the 27 items 
are below 100 per cent, in the post-mortem data 7 of the 20 items are 
below 100 per cent. 

A good idea of the relative anatomy of the two animals may bo had 
by dividing the 20 items compared on the basis of actual units into 
seven groups, representing (1) body size, (2) organs of circulation, 
(3) organs of digestion and assimilation, (4) organs of elimination, 
(5) endocrine glands, (6) contents of alimentary canal, and (7) 
visceral fats. 

In the body-size group are empty body weight and weight of hide. 
The average for this group is 191,1 per cent. 

The circulation group includes the weight and the two circumfer- 
ences of the heart. The percentages range from 120.6 to 101.1, and 
average 111.7 per cent. 

The digestion and assimilation group includes the lengths and 
weights of the intestines and the total weight of empty stomachs. 
There are seven items in this group with percentages ranging from 
124.5 to 47.6 and averaging 99.0 per cent. The three lengths of 
intestines range from 124.5 to 123.5 and average 124.1 per cent, the 
three weights of intestines range froni 120.4 to 47.6 and average 80.7 
per cent, and the total weight of empty stomachs is 78.8 per cent. 

The elimination group consists of a single item, the weight of 
kidneys. 

In the endocrine-gland group the percentages range from 313.0 for 
the weight of thyroid, to 111.9 for the weight of adrenals. The third 
item in this group, the spleen, has a percentage value of 187.6 and the 
average for the ^oup is 204.2 per cent. On an average, this group 
s^ows a greater difference than any other in favor of the bull. The 
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two content items are the stomach and the intestines, with an average 
of 69.8 per c^nt. 

The visceral fats (abdominal and thoracic) average 125.8 per cent. 

The percentages in the body-size group would be expected to be similar 
to those for live weight and for empty body weight. A part of the 
difference in the weight of the hides of the cow and bull undoubtedly 
is explained by the fact that the portion of the hide which covered 
the udder of the cow was not included in the weight. Since the heart 
is a muscular organ serving all the body tissues, its size might also be 
expected to be niore or less in proportion to the size of the animal. 
Furthermore, it is not surprising that the percentages for length of 
intestines approach those for live weight or empty body weight. The 
lower average percentage for weights of digestive organs may be at 
least partly due to the fact that the fat was more completely removed 
from the organs of the bull than from those of the cow. The reason 
for the low percentage for kidneys and tlie high average for the endo- 
crine glands is not known. The percentages for contents of digestive 
tract and for visceral fat probably have comparatively little signifi- 
cance in tins study. 

When the post-mortem data are compared on the basis of the units 
per 100 pounds of empty body weight and grouped the same as on 
the other basis, it is seen that the percentages in the two series are 
related to each other in the proportion of approximately 173 to 100. 
Tlie comments made in connection with tlie first series, therefore, 
apply also to the second. 

SKELETAL STRUCTURE 

The method employed in cleaning and mounting the skeleton of 
the cow was described in a previous publication.^ The skeleton of 
the bull was prepared in the same manner.® The process used in 
cleaning the bones not only preserved the texture and all the delicate 
l)ony structures but prevented injuiy to the cartilage. The skeletons 
were cleaned and prepared with very little disarticulation, and 
mounted according to detailed measurements of the animals made 
before death. 

Different views of the two skeletons and contours of the thoracic 
cavity and pelvic apertures are shown in Figures 6-12. 

Detailed measurements of the two skeletons Avere made. As far 
as possible they corresponded to those taken on the living animal, 
but many additional ones were made. Obviously a measurement of 
the circumferences of barrel (fore chest, rear chest, and paunch) of 
the skeletons is impossible because at both the rear chest and paunch 
planes the ventral wall is missing. Contours, however, can be so 
drawn as to permit measurement with a greater degree of accuracy, 
as they represent the exact shape of the available portion of the 
skeleton at any desired point. Contours, prepared to show- the 
differences in size and shape of the external outlines of the skeletons 
at the two planes used in measuring the fore chest and the paunch 
are presented in Figures 13 and 14. 

The lower portion of the contours of the paunch can not be com- 
pleted because the ribs do not meet. Areas of the contours at the 

» SWETT, W. W., Graves. R. R., and Miller, F. W. Op. cit. 

« The skeleton work was done by the late C. E. Mlrguet, an expert osteologist of the Smithsonian Insti- 
tution, Washington, D. C. 
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paunch are obtained by connecting the lower extremities of each 
with a straight line and measuring the inclosed space. These areas, 
of course, are not comparable to mose obtained ante mortem. 

In addition to the external skeletal contours at the fore chest and 
at the paunch, inside contours were made of the anterior aperture of 



Figure «.~Si(ie view of skeletons (cow, above; bull, below) 


the thoracic cage at the first rib, the thoracic cage at the seventh 
rib and at the thirteenth rib, and the pelvic aperture. The areas of 
all were measured, but only those for anterior aperture of thoracic 
cage and pelvic aperture are illustrated. (Figs. 8, 11, and 12.) 

The skeletal measurements of the cow and the bull and the relation 
of the measurements of the bull to those of the cow expressed in 
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terms of percentage, together with a description of each measurement 
and the manner in which it was obtained, are presented in Table 4. 

Table 4. — Detailed skeletal measurements of cow and bull 


Item 

Cow 

Bull 

Relation 
of bnll’s 
measure- 
ments 
to tho.se of 
cow 


Cevtime- 

Centime- 


Height at top of highest thoracic spinous prcwess (wit hers). 

ten 

120.00 

ten 

119.50 

Per cent 
99.6 

Height at highest point on sacrum..- 

Height at top of hip points 

121. 25 

121. 25 

100.0 

1 15. 75 

116. 63 

100.8 

Height at top of pin bones 

10(1. 26 

114.25 

107. 5 

Length between bearing surfaces; 

Bones of thoracic limb— 

Scapula - ' 

37.00 

39.00 

105. 4 

Humerus . . .... 

27.00 

28.50 

106. 6 

Raflius... - - . . 

28.00 

28.00 

100.0 

Metacarpus .. .. 

20.50 

18. 50 

90.2 

Total - 

1 12. 50 

1 14. 00 


A verago . 

28. 13 

28. .50 

“ 101.3 

J..ength between bearing surfaces: 

Bones of i)elvic limb— 

Femur.. — 

35. .50 

38.00 

107. 0 

Tibia 

,33. .50 

34.00 

101. 5 

Metatarsus 

23. 00 

19. 75 

85.9 

Total 

92. 00 

91. 75 


Average 

30. 67 

30. 68 

" 99. 7 

Height at poll 

129 00 

122. 75 

9^ 

l-«ngth, poll to third thoracic process 

71.00 

70.00 

98.6 

licngth, third thoracic proce,ss t(j point on spine between hips 

89. .50 

89. 50 

100. 0 

T^erigth, point on spine between hips to rear of pin bones 

47.00 

48.00 

102. 1 

Ticngth, third thoracic prwjess to rear of pin bones 

136. 60 

137. 50 

100. 7 

Total length, poll to rear of pin bones 

207. 50 

207. 50 

100.0 

Sway of back 

5.(K> 

4. .50 

90.0 

Width of forechest (outside, si.vth rib) 

33. 25 

32. 25 

97.0 

Width of rearchest (outside, crossing center tenth rib). 

55. 00 

6.3. 00 

96.4 

Width of paunch (outside, crossing center thirteenth rib) 

62. .50 

64. 50 

103.2 

Hepth of forechest (plane of sixth rib). .... 

68. .50 

71.00 

103.6 

Maximum lateral width of thoracic cavity at anterior edge of each rib: 

9. 50 

9. 75 

102. 6 

2 

1 1. 50 

11.00 

95. 7 


15.60 

14.00 

90.3 

4 - 

19.60 1 

18.00 

92. 3 


2:1. 50 

22. 50 

9,5.7 


27. .50 

26. .50 

96.4 

7 , 

.33. 00 

32. .50 

9a 6 

S 

41.60 

40.00 

96.4 

9 

49.00 

47.00 

9.5.9 

10 - - - - ... . .. 

.5.5.00 

53.50 

97.3 

11 - ......... 

60. 00 

.59, ,50 

99. 2 

12 . .. 

62.00 ! 

62. ,50 

100. 8 

13.. .... ... . . .... . .. 

62. 50 

65. 00 

104.0 

Average. -- , . . . 

,36. 15 

3,5. 52 

•* 98.2 

Vortical depth from ventral c.enter of each thoracic vertebra to sternum 
or to a horizontal line across the lower extremity of the thoracic cage at 
the eighth to thirteenth vertebra: 

26.00 

22,50 

86.6 

2. - , 

31.00 

29.00 

93.6 

3 . 

34.00 

33. 60 

98.5 

4 

38.00 

36.00 

94. 7 

5 

41. .50 

40.00 

96.4 

fi... ..... . 

44. 60 

43. 00 

96.6 

7 

49.00 

45. 50 

92.9 
10.3. 2 

8 

47.00 

4a 60 

9 . 

45.00 

62. 00 

115.0 

111.2 

107.8 

10 

44.50 

49. 50 

11 

46.00 

4a 60 

12 

43.00 

47. 00 

109.3 

109.8 

• 102. 0 

13 . 

41.00 

46. 00 

Average 

40. 73 

41.64 



» on Average data of bull and of oow. 
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Table 4. — Detailed skeletal measurements of cow and bull — Continued 


Item 


Length, center of anterior edge of first rib to Junction of thoracic and lum- 
bar vertebrae (length of thoracic cavity) 

Center axes, anterior aperture of thoracic cage: 

Lateral 

Vertical - 

Contour or cross-section area of anterior aperture of thoracic cage 

Contour area of thoracic cage (inside) at .seventh rib 

Contour area of thoracic cage (inside) at thirteenth rib — 

Contour area (outside) at plane used in measuring fore chest (sixth rib) . 
Contour area (outside) at plane used in measuring paunch (thirteenth 

rib) 

Height at anterior dorsal point of sternum (ventral point of anterior aper- 
ture of thoracic cage) - 

Height at dorsal median posterior point on sternum between attachment 

of eighth ribs 

Length of sternum between above points 

Anglo of sternum made with the horisonlal 

Length of thoracic cage measured on spine (cervical-thoracic to thoracic- 

lumbar Junctions) — 

.\vera«e length of each thoracic vertebra (divide above length by 13) . - . 
Length of loin measured on spine (thoracic-lumbar to lumbar-sacral 

junctions) 

Average length of each lumbar vertebra (divide above length by ft) 

Length of spinous process of each thoracic vertebra: 


2„ 

3- 

4.. 
6 -. 
6 -. 

7.. 
8 -. 

10 . 

11 . 

12. 

13. 


Average... .. 

Length of spinous pr{K:ess of each lumbar vertebra: 

1 

2 

3._- 

4_ . . 



Average 

Width of each rib, 6 Inches from its lowest ossified point (average of right 
and left): 

1 

2 

3 -.-. - 

4 

5 

6 

7. 

8 

9 

... 

11 . _ 

12 .— : 

13 


Total. .. 
Average. 


Cow 

Bull 

Relation 
of bull’s 
measure- 
ments 
to those of 
cow 

Centime- 

ten 

Centime- 

ten 

Per cent 

76.00 

76.60 

100.7 

8.00 

8.00 

100.0 

18.50 

22. 50 

121.6 

172.90 

200. 10 

116.7 

1,363.60 

1,701.60 

124.8 

2, 136. 70 

2,31.6.02 

108.4 

1,439.62 

1,421.86 

98.8 

2,396.23 

2, 429. 48 

101.4 

72.00 

62.00 

86. 1 

f)2 . 50 

47. 7.6 

91.0 

40.00 

39. .60 

98.8 

(«•) 


72. 6 

76. 00 

77. .60 

102. 0 

6.86 

.6.96 

101.9 

41.00 

38.50 

93. 9 

6.83 

ft. 42 

94. 0 

26.00 

29.00 

116.0 

26. 00 

29.00 

116. 0 

24. 50 

28. .60 

116.3 

Xi. 60 

20, .60 

112.8 

21.. 60 

23. ,W 

109,3 

20. .60 

22.00 

107. 3 

20.00 

21.00 

105. 0 

IK. .60 

20.00 

108, 1 

17.00 

18. (X) 

105. 9 

14. .60 

14.60 

100.0 

12.00 

12. .60 

104.2 

9. (X) 

9. .60 

105. 6 

7.1)0 

8.00 

106.7 

18. 3.6 

20. 16 

'>109. 8 

6.50 

7.00 

107. 7 

6.00 

7. 00 

116.7 

5. .60 

7.00 

127. ’A 

6. .60 

6. .60 

118.2 

6. 00 

6.00 

120.0 

4. .60 

5. 60 

122.2 

6. 50 j 

6. ,60 

'>118.2 

2.13 

2.66 

124.9 

2.42 

2. 72 

112.4 

3.31 

3. .69 

108.5 

4. 42 

4.43 

100.2 

6.06 

.6.20 

103.0 

6.23 

5.51 

106.4 

6.81 

6,90 

101., 6 

6.41 

4.86 

89.8 

4.92 

4. .34 

88.2 

4.69 

3.96 

84.4 

3.96 

3.40 

86.9 

3. 19 

2.86 

89.7 

3.29 

2.92 

88.8 

63.83 

62.35 


4.14 

4.03 j 

®97.3 


® Based on average data of bull and of cow. 
fc Cow, 29® 11'; bull, 21® 9'. 
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Table 4. — Detailed skeletal measurements of cow and bull — Continued 


Item 

Cow 

Bull 

Kelation 
of bull’s 
measure- 
ments 
to those of 
cow 

Length of each rib, from vertei>ral attachment to lowest ossifte<l point 
(average of right and left); 

Centime' 

ters 

Centime- 

ters 

Per cent 

I 

27.00 

30. 33 

112.3 

2. .. 

32.00 

35.00 

109.4 

a ... . . 

30.00 

39. 25 

109. 0 

4 - 

39. 25 

43.00 

100.6 


43. 75 

48. (X) 

109.7 


48.00 

52. 6f) 

100.4 



7- 

52. 50 

50. 60 

107.6 

K. 

5.5. 25 

57. 88 

104. 8 

y . . 

55. 25 

57. 76 

104. 5 

10,. 

55. 2!) 

57. 25 

103.6 

11, ...1 

54. Of) 

50. 00 

103.7 

12 . - . 

52. 25 

54.17 

10:4. 7 

13 - - 

48.50 

49. 13 

101.3 

Average 

40.08 

48. 98 

“106.3 

Width of intercostal siiaces (sj)aces between ribs) approximately 0 


inches from lowest osslflod point; 

1 ... . . , ... 




1.89 

2.89 

152. 9 


2.15 

2. 91 

135. 3 

3 . 

1.96 

2.34 

119.4 

4 

1.80 

2. 53 

140.6 

. . ........ . 

1.80 

2.09 

116. 1 

0 

2. 70 

1.92 

69.6 

T 

l.HO 

1.51 

116.2 

X 

3. 75 

2. 44 

05.1 

y 

4.51 

3. 74 

82.9 

10 

4.78 

4 34 

90.8 

11 

4. 92 

3.49 

70.9 

12 . 

5.07 

3. 35 

60.1 

Total 

36. 69 

33. 55 


Average 

3. 00 

2. 80 

“91.4 

Dittmeter of foramina of thoracic vertebrae, (intervertebral ainl intra- 




vertebral ) ; 




1 

1.22 

1.42 

110.4 

2 

1 . 10 

1.01 

87. 1 

:i ‘ ’.-1 y . .. . 

1.21 

.88 

72. 7 

4 . . . .. . 

1.05 

1. II 

105. 7 

. . ... . . . 

.94 

.98 

104.3 

0 - - 

.92 

.95 

103.3 

T 

.94 1 

.95 

JOl. ! 

8 . . . 

.87 

.90 

110.3 

y . . ' *. ... . . * " “ 

.98 ! 

.94 

95. 9 

10 . 

1. 10 1 

.80 

72.7 

11 .... . 

.84 

.89 

106.0 

12 - .. - 

.74 ' 

.84 

113.5 

13-. . ... . . 

2.94 

.96 

32.7 

Average 

1.15 

.98 

« 85. 1 

Diameter of foramina of lumbar vertebrae (intervertebral and intra- 
vertebral): 




l__ . _ _ __ _ 

2. 20 ! 

1.08 

49.1 

2 

^ 2. 56 

1.82 

71. i 

3 .... r - . ' - 

2. 79 

2.24 

80 3 

4 . . 

2.83 

2. 30 

81 3 

5 

2. 80 

2.92 

102. 1 

d - - 

2.24 

3. 07 1 

137. 1 

Average, .. — 

2.58 

2. 24 1 

“80.8 

Length of loin, from center of hip to vertebral attachment of thirteenth 




rib 

45. 00 

43. 76 

97.2 

Width of loin: | 



Third lumbar. .. 

29.00 

30.25 

104.3 

Fourth lumbar. 

30. 25 

33. 25 

109.9 

Average 

29.63 

31.75 

•107.2 



• Based on averadre data of bull and of cow. 

« Opening for nerve branch that goes to udder. 

147504—32 2 
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Table 4. — Detailed skeletal measurements of cow and hull — Continued 


Item 

Cow 

Bull 

Relation 
of bull’s 
measure- 
ments 
to tho.se of 
cow 


Centime- 

Centime- 



tera 

ten 

Per cent 

Width of hips (outside extremity) 

16.60 

47. 60 

102.2 

Width of thurls (outside extremity) 

40.50 

41.00 

101.2 

Width of pin bones (outside extremity).,. 

27.60 

25.60 

92. 7 

Lenrth of rump, top of hip to top of pin bone . 

Auipeofrurap . . . 

40.00 

(*') 

(•) 

39. 25 

98.1 

25.4 

Angle of floor of pelvis. 


102. 5 

Angle of pelvic aperture 

(0 

17.50 


79.3 

Length of pelvic 'floor 

20. 50 

117.1 

Center axes of pelvic aperture: 

Anteroposterior (sacro-pubic) 

25.00 

21.00 

84.0 

Transverse 

17.20 

16. 10 

87.8 

Contour area of pelvic aperture . - . . 

384. 30 

273. 16 

71.1 

Width between top points of pin bones 

20.00 

14.00 

70.0 

AVidth of pelvis immediately above renter of acetabulum. 

Width of forehead 

17. 75 

13. 75 

77.5 

14. 25 

18. 2.5 

128.1 

Width across eyes - 

20. 76 

24. 25 

116.9 

Length from poll to tip of nose 

47.00 

47. 60 

101.1 

Greatest depth at angle of jaw . ... 

26.00 

25. 50 

98.1 

Measurements of mmzle: 

Outside width of premaxillae (nasal processes)— 

At narrowest jjoint corresponding to corner of mouth 

7. 66 

8. .58 

112.0 

Near anterior extremity, corresponding to greatest width of pre- 
hensile pad 

8.28 

9. 69 

117.0 

Outside width of mandible (lower jaw)— 

At narrowest point, corresponding to corner of mouth 

3. .50 

3.99 

114.0 

Near anterior extremity, corresponding to lateral limits of incisor 
teeth 

7. 74 

8.48 

109.6 

Inside diameters of nasal passage— 

Lateral diameter 

6. 72 

6. 88 

102. 4 

Depth from roof to floor 

6. 05 

6.00 

99.2 

Measurements of bones of thoracic limb (scapula not included): 




Center of shaft of— 

Humerus— 

Circumference 

14. 00 

16. 50 

117.9 

Lateral diameter - 

3. 92 

4. 36 

111.0 

A nterior-posterior diameter ... 

4. 87 

6.85 

120. 1 

Had ills— 

Circumference 

13. (K) 

1.5.50 

119.2 

Lateral diameter.*. . . 

4.64 

.5.88 

126. 7 

Anterior-posterior diameter . . 

3.17 

3.68 

116. 1 

Metacarpus- 

Circumference 

9. 50 

10. 75 

113.2 

Lateral diameter.. .. 

3. 30 

3. 95 

119.7 

Anterior-posterior diameter . , . 

2.29 

2. 67 

116.6 

Average 

0..52 

7.68 

«• 117. 8 

Moasurcmenis of bones of pelvic limb: 

Center of shaft of— 
yeniur— 

Circumference . 

12. 50 

14.00 

112.0 

Lateral diameter 

3. 53 

4.0,5 

114.7 

Anterior-posterior diameter . 

4.30 

5. 03 

117.0 

Tibia- 

Circumference 

11.60 

13. 25 

11.5.2 

Lateral diameter 

4. 10 

4.95 

120.7 

A nterior-posterior diameter 

2.93 

3. 57 

121.8 

Metatarsus- 

Circumference 

9.60 

10.50 

110.6 

Lateral diameter 

2.78 

3.27 

117. 6 

Anterior-posterior diameter. 

2.90 

3.08 

106.2 

Average 

6,00 

6.86 

« 114. 2 


• Based on average data of bull and of cow. 
Cow, 13° 44'; bull, 3° 2«'. 
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Table 4. — Detailed skeletal measurements of cow and hull — Continued 


Item 


Measurements of cervical vertebrae: 
At greatest width— 

1 (atlas) 

2 (axis) - 


3. 

4. 

5. 
fl. 
7. 


Average 

At greatest depth— 

1 (atlas) 

2 (axis) 

3 

4 

5 , 

6 

7 


Average. 


Cow 

Centime- 

tern 

15.30 

10.40 
11. 10 

11.40 
11.05 
10.90 
11.55 

Bull 

Relation 
of bull’s 
measure- 
ments 
to those of 
cow 

Centime- 

tern 

20.60 

13.70 

15. 30 
16.00 
15. 20 

14. 30 
14. 30 

Per cent 
134. 64 
131. 73 
137. 84 
140. 35 
137. 56 
131. 19 
123. 81 

11.67 


» 133. 90 

9.6K 

10. 08 

104. 13 

13. 73 

15.33 

111.65 

11.70 

14.23 

121. 62 

12.80 

14.60 

114.06 

13. 88 

17. 15 

123. 56 

18.20 

20. 65 

113. 46 

20. 23 

24. 60 

121. 60 

14.32 

16.66 

«* 1 16. 38 


' Base<l on average data of bull and of cow. 


The skeletons of the cow and bull were almost the same in height. 
The percentages of 100.8 for height at hips and 107.5 for height at 
pin bones signify that the slope of rump was less for the bull than for 



FiGUBis 7.— Front view of skeletons (cow, left; bull, right) 


the cow. In view of the similarity in height of body, one would 
expect the leMth of the bones of the thoracic and pelvic limbs of the 
bull to be similar to those of the cow, and Table 4 indicates that such 
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is the case. The total length of the four bones of the thoracic limb is 
101.3 per cent as great for the bull as for the cow. A similar relation- 
ship is found in the length of the bones of the pelvic limb, the per- 
centage being 99.7. The total length of the fore and the rear legs of 
the bull is almost identical with that of the cow, but the upper units 
are distinctly longer and the lower units distinctly shorter in the bull. 
The advantage of this is that it rives the bull additional strength for 
defense and for carrying his weight during copulation. The lieight at 
poll is 6.25 cm less for the bull than for the cow, but since this is de- 
termined almost entirely by the angle at which the thoracic and cervi- 
cal portions of the spinal column are joined in assembling the skeleton, 
little signihcance is attached to this difference. 

The length from poll to third thoracic process (withers) is probably 
the least significant measurement in this group because of the extent 
to which it is affected by the height and position of the head and neck. 

However, the average of 
the five percentages rep- 
resenting general body 
lengths is 100.3, which 
shows that the measure- 
ments of body length are 
even more similar for the 
two skeletons than the 
measurements of height. 

For two animals vary- 
ing so greatly in size 
there is surprising simi- 
larity in the widths of 
the fore chest, rear chest, 
and paunch . N ot one of 
these measurements dif- 
fers by more than 2 cm 
(less til an 1 inch), and the 
relation of width of bull 
to width of cow at these 
three points averages 
98.9 per cent. The maxi- 
mum lateral width of the 
thoracic cavity taken at the anterior edge of each rib is less for the bull at 
1 0 of the 1 3 ribs, bu t on an average the two animals are strikingly similar. 

At the fifth, sixth, and seventh ribs, which represent the region of 
the plane used in measuring the fore chest, the percentages average 
96.9; at the tenth rib, the plane of the rear chest, the percentage is 
97.3 ; and at the thirteenth rib, the plane at which the paunch measure- 
ments were taken, the percentage is 104.0. The lowest percentage is 
for the third rib and the liighest percentage is for the thirteenth. 
Ante-mortem measurements of the chest are not possible at the plane 
represented by the lowest percentage because of the position of the 
scapula and humerus. The generally progressive increase in per- 
centage from the third to the thirteenth nb and the ratio of the widths 
of paimch to chest show definitely that the lateral wedge of the skeleton 
was greater for the bull than for the cow, whereas the ante-mortem 
wedge shape was less. 



Figure 8.— Contours of anterior Ri)erture of thoracic cavity (cow, 
left; hull, right) 
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The outside depth of fore chest at the sixth rib was 103.6 per cent 
as great for the bull as for the cow. Obviously a depth at the tenth and 
tliirteenth ribs which would be comparable to the ante-mortem measure- 




Fkjvre lO.—View of anterior pelvic aperture In each Rkeleton, taken to the same scale from below 
and In front, with camera approximately perpendicular to the rim of the pelvis (cow, left; bull, 
right) 

ment at the same plane^ could not be obtained. The two skeletons 
are, however, compared in depth by measuring, in a vertical plane, the 
depth from the ventral center of each thoracic vertebra to the dorsal 
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surface of the sternum at each vertebra from the first to the seventh, 
inclusive, and to a horizontal line across the points forming the lower 
extremity of the thoracic cage at each vertebra from the eighth to 
the thirteenth, inclusive. At each of the first seven vertebrae the 
bull is shallower than the cow. For the next six vertebrae the 
depth is in each case greater for the bull. On an average, the depths 
are similar for the two skeletons. The fact that the bull is 3.5 cm 
shallower than the cow (86.5 per cent) at the first thoracic vertebra 
and 4.0 cm deeper (109,8 per cent) at the thirteenth thoracic vertebra, 
together with the fact that all depths from the first to the seventh 
vertebrae are less for the bull (average 94.2 per cent), whereas those 
from the eighth to the thirteenth vertebrae are all greater (average 
109.5 per cent), shows a decidedly greater vertical wedge for the bull 
than for the cow. Although the ante-mortem and post-mortem meas- 
urements for depth of body are not comparable because much of the 




FitiTJRK Jl.— C’ontours of the anterior i»©lvic aperture (cow, left; loull, right) 

ante-mortem depth in the abdominal region is nonskeletal, the bull 
in each instance appears to have a greater vertical wedge shape than 
the cow. (Fig. 6.) 

In length of thoracic cavity the two skeletons are almost the same 
whether measured from center of anterior edge of first rib to thoracic- 
lumbar hmction, or from cervical-thoracic to thoracic-lumbar junc- 
tions. The lateral axis of the anterior aperture of the thoracic cage 
is exactly the same in both skeletons, but the vertical axis is 4,0 cm 
greater for the bull. Contour areas of the inside of the thoracic cage 
at the anterior aperture (fig. 8), at the plane of the seventh rib and 
at the plane of the thirteenth rib, average 116.3 per cent as ^reat for 
the buD as for the cow. The outside contour areas at the sixth and 
thirteenth ribs, the planes used in obtaining the ante-mortem mea- 
surements of the fore chest and paunch, are, respectively, 98.8 and 
101.4 per cent as great for the bull as for the cow. (Figs. 13 and 14.) 
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The sternum of the bull is much lower in front, considerably lower in 
the rear, of almost the same length, and is set at an angle of 21° 9' 
as compared with 29° 11' for the cow. (Fig. 6.) 

The bull is considerably shorter than the cow in the region of the loin. 
Although the thoracic vertebrae average 0.11 cm longer, the lumbar 
vertebrae average 0.41 cm shorter for the bull than for the cow. The 
fact that the lumbar portion of the vertebral column is actually 2.5 cm 
shorter in a bull than in a cow weighing 573 pounds less is worthy of 
note. The additional length of loin in the cow may serve the pur- 
pose of providing more room for the development and delivery of the 
fetus. The shorter 


loin in the bull may 
give him added 
strength for his ac- 
tivities in fighting 
and in copulating. 

In every instance 
the thoracic spi- 
nous processes are 
of equal or greater 
length in the bull, 
averaging 9.8 per 
cent longer than in 
the cow. The 
greatest difference 
IS in the spinous 
processes attached 
to the anterior ver- 
tebrae, the first () 
of which average 
113.0; whereas the 
G posterior ones av- 
erage 105.1, as com- 
pared to 108.7 per 
cent for the entire 
13. (Figs.G and 15.) 
Every one of the 
lumbar spinous pro- 
cesses also is longer, 
averaging 1.0 cm, or 
18.2 per cent great- 
er in the bull. (Figs. 
6 and 16.) 



FKiVUE 12.— (Contours of anterior iHslvic ai)erture and anterior aperture 
of thoracic cavity, shown together to illustrate relative size of each; A, 
Anterior pelvic at^erture of cow; B, anterior jielvic ai)erture of bull; C, 
anterior aijerture of thoracic cavity of cow; D, anterior aperture of 
thoracic cavity of bull 


The ribs differ considerably in width, length, and position. (Fig. 
6.) They average 0.11 cm less in width for the bull. The anterior 
ribs of the bull are wider, but the posterior ribs are narrower than 
those of the cow, the percentages for width averaging 109.1 for the 
6 anterior ribs, but only 87.8 for the 6 posterior ribs, whereas the 
entire 13 average 98.7. The bull's ribs average 2.9 cm longer than 
those of the cow. The greatest differences in length also are found 
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in the anterior ribs, the first 6 averaging 109.9 per cent, but the 6 
posterior ribs only 103.6 per cent. There are, of couree, only 12 inter- 
costal spaces on each side, and they average 0.26 cm narrower in the 
bull. In length of thoracic spinous processes, width of ribs, and 
length of ribs the relation of bull to cow is markedly different in the 
anterior portion of the thoracic cavity from what it is in the pos- 
terior. In width of intercostal spaces this difference is even more 
striking, the percentages averaging 122.3 for the 6 anterior spaces. 



Figure 13.— External contours of fore che.st of skeletons (cow, solid line; bull, broken line) 


but only 82.0 for the 6 posterior spaces, as compared to 102.2 for the 
12 spaces. 

The significance of openness of conformation, as an indication of 
size of intervertebral and intravertebral foramina and of the freedom 
of passage of nerves from the spinal cord, was discussed in a previous 
publication.® It was pointed out that intravertebral foramina are 
more numerous than intervertebral foramina, and consequently that 
the width of spaces between vertebrae would not be expected to be of 
great importance as an indication of freedom of passage of nerves. 
There is some indication that intervertebral foramina are relatively 
more numerous in the lumbar than in the thoracic portions. The 
method of measuring the foramina was the same as that outlined in 


I SwiBTT, W. W., Oeaveb, R. R., and Miller, F. W. Op. cit. 
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the previous publication. Some of the foramina were elongated and 
somewhat irregular in shape, but the measurement recorded as the 
diameter is the greatest transverse dimension measurable. Some 
vertebrae had both intei-vertebral and intravertebral foramina. 
Some were divided by cartilage or bone into two parts. Whenever a 
vertebra had two foramina or one divided into two parts, both were 
measured and the total of the two diameters was recorded. (Figs. 
15 and 16.) 

The thoracic foramina average 0.17 cm less in diameter, or only 
85.1 per cent as much for the bull. In eight of the cases recorded 



Fkji'he 14.--- External contours of paunch of skeletons (cow, solid line; bull, broken line) 


the measurement was greater for the bull, and in five it was less. 
The average of the percentages for the 6 anterior vertebrae is 98.8; 
for the 6 posterior ones it is 88.5; and for the entire group of 13 it is 
94.0, On an average the lumbar foramina are 0.34 cm less in diameter, 
or 86.8 per cent as large in the bull. 

Each of the percentages for lumbar foramina is greater than that 
for the next anterior vertebra. The reason for this steady increase in 
percentages is not understood. It was pointed out in comparing the 
dairy cow with the beef cow, that the nerves which lead to the udder 
leave the spinal cord and pass tlirough foramina between the second 
and third lumbar vertebrae. The foramen at this location is only 
71.4 per cent as large in the bull — a difference in diameter of 0.73 cm. 
The significance of size of foramina appears to be still in doubt. 
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The length of loin, measured from the center of the face of the hip 
to the attachment of the thirteenth rib, is less for the bull, but the 
width of loin as measured at the third and fourth lumbar vertebrae is 
considerably greater. The widths of hips, thurls, and pin bones are, 
respectively, 1.0 cm greater, 0.5 cm greater, and 2.0 cm less for the bull. 



Figubb 16.— Thoracic vertebrae, ribs, and spinous processes, showing foramina (cow, above; bull, 

below) 

This difference in width at pin bones, which is rather high for so small 
a measurement, is an indication of the narrowness of the pelvis in the 
male as compared with that of the female. The length of rump of the 
two skeletons is almost the same. The angle or slope of rump is 
greater for the cow, the angle of the pelvic floor is almost the same for 
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both skeletons, and the angle of pelvic aperture is greater for the cow. 
Although the skeletons were assembled according to the measurements 
taken on the living animals, the possibility that any of these angles 
might have been affected by the final assembly is recognized. The 



Figure lO.—Lumbar vertebrae aii<i spinous processes showing foramina (cow, above; bull, below). 
Arrows indicate foramina that permit passage of nerve which supposedly innervates the mam- 
mary gland 


length of pelvic floor is 3.0 cm greater in the bull, a difference of 17.1 
per cent, which is relatively high. 

The difference in size and shape of pelvis is one of the most striking 
found in this study. (Figs. 10 and 11.) In the previous publication 
the data for lateral and longitudinal axes of the anteri(>r pelvic aperture 
were interchanged through error. In this discussion the error is 
corrected and the terms "‘anteroposterior (sacro-pubic) and “trans- 
verse are used to indicate the axes measured. Both are much smaller 
in the buU. The contour of the anterior pelvic aperture of each 


»• SwETT, W, W , Graves, R. R., and Miller, F. W. Op. cit. 
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skeleton was drawn and its area measured. As a result of the redraw- 
ing, the area of the cow is slightly different from that previously 
published. In tliis comparison the area of the anterior pelvic aper- 
ture of the bull is only 71.1 per cent as great as that of the cow. The 
area of the anterior pelvic aperture of the bull is only 66.3 per cent of 
what it would be if it were in proportion to the ante-mortem width of 
hips, thurls, pin bones, and loin; only 69.6 per cent as great as it 
would be if it were in proportion to the skeletal width of laps, thurls, 
pin bones, and loin; and only 41.1 per cent of what it would be if it 
were in proportion to the total animal structure or empty body weights 
of the two animals. This is illustrated in another way by Figure 12, 
which shows the contours of the anterior apertures of the pelvis and of 
the thoracic cavity of each skeleton. The area of the anterior pelvic 
aperture of the bull is only 61.4 per cent as great as it would be if it 



PiouRE IT.—Front view of the skulls (cow, left 


were in proportion to the areas of the anterior aperture of the thoracic 
cavity. The posterior aperture also — ^in fact the entire pelvic 
cavity — is distinctly less roomy in the bull. The width between the 
top of the pin bones and the width above the acetabulum are both very 
much less m the bull. The greater roominess of the pelvic cavity in 
the female is one of the most striking differences between the two 
animals and nicely illustrates the provision of nature for the delivery 
of the fetus. 

In a group of 10 measurements of the head, 8 are larger for the bull. 
The two that are smaller for the bull are greatest depth at angle 
of jaw and depth of nasal passage, but the percentages for these 
measurements indicate that the mfferences are of little significance. 
The greatest in^vidual differences in head measurements are, in the 
order named, width of forehead, outside width of nasal processes, and 
width across eyes. (Fig. 17.) The length from poll to tip of nose 
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(the only head length measured) is nearly the same for the two animals 
(101.1 per cent); the widths of head average 114.3; and the depths of 
head average 98.7 per cent. The greatest differences in head measure- 
ments are, therefore, in width. 

Figure 6 shows little difference in the heads as viewed from the side, 
but indicates a marked difference in heaviness of cervical vertebrae. 
The cervical vertebrae of the bull arc greater, averaging 3.96 cm more 
in width and 2.34 cm more in depth. The outstanding difference 
between the measurements of the head of the cow and of the bull 
appears to be the difference in width. 

The circumference and the lateral and anterior-posterior diameters 
of the bones of the thoracic limb (except the scapula, which was not 
measured), and of the pelvic limb, are in every instance greater for 
the bull. 

INTERRELATIONS OF ANTE-MORTEM, POST-MORTEM, AND 
SKELETAL-STRUCtURE DATA 

The ante-mortem and skeletal-structure data which appear to be 
representative of body size, or which might be considered as having 
an association with the functions of circulation and respiration or of 
digestion and assimilation , have been grouped in a manner similar to 
that followed in discussing the post-mortem data. The percentages 
showing the relation of the bull’s measurements to those of the cow, 
for the ante-mortem, post-mortem, and skeletal-structure data, are 
assembled in Table 5, according to the functional grouping outlined. 

In the data for body size the seven ante-mortem items are much 
greater for the bull. The first (live weight) and the last two (volume 
of barrel and body-surface area) are largely dependent on the muscular 
development and fleshing of the animal. They average 144.3 per 
cent. The other four, which are more significant of body dimensions, 
average only 103.7 per cent. The two post-mortem items average 
191.1 per cent, but since empty body weight is almost entirely de- 
pendent, and weight of hide is to some extent dependent, on fleshing, 
such a high percentage is not surprising. The four skeletal rneasure- 
inents average 100.9 per cent. It is apparent, therefore, that the 
differences in the body-size group are due almost entirely to the 
degree of fleshing of the animal. 

In the circulation and respiration group also, the ante-mortem 
items, which are measurements of the fore chest, are much greater 
for the bull. In this group also, the width, circumference, and es- 
pecially the contour-area measurements, are affected materially by 
the fleshing of the animal. As the lung weights were not compared, 
the three post-mortem items refer to circulation but not to respiration. 
They are somewhat greater for the bull. The four skeletal -structure 
items are only slightly greater for the bull, indicating again the effect 
of fleshing on the ante-mortem differences. 

In the digestion and assimilation group also the ante-mortem items 
are much greater for the bull. The seven post-mortem items average 
99.0 per cent, and the three skeletal-structure items average 104.3 
per cent. 

The average percentages showing the relation of bull to cow indi- 
cate that the bull’s organs of circulation were relatively large in 
proportion to the skeletal development in the fore chest, while the 
organs of digestion and assimilation were relatively small in proportion 
to the skeletal measurements of the paunch. 
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Table 6. — Ante-^morteniy posUmorUm^ and skeletaUstructure data grouped on the 
basis of their association with body size, circulation and respiration^ and digestion 
and assimilation 


Type of data 


Ante-raortem., 


Post-mortem... 


Skeletal .slru(;- 
turo. 


Data for body size 


Item 


Live weight 

Height at withers 

Width of hips 

Length, withers to 

pin hones 

Length, poll to mouth 

(tape). ... 

Volume of barrel 

Body surface area 


Average . 


Empty body weight. 
Weight of hide . . . 


Average.. 


Height at withers . , 

Width of hips 

Length, withers to 
pin bones 

Length poll to lip of 
nose (calijw) 


Average 


|i 

•ss 

sa 

ii 

& 

Per 

cent 

Jfil.8 

09.9 

104.7 

101.1 

108. 9 

149. 0 

122.0 


173.0 

209. 1 


99.6 

102.2 

100.7 

101. 1 

100. 9 


Data for circulation and 
respiration 


Item 


Depth, fore chest 

Width, fore chest 

(Circumference, fore 

chest . 

(Contour area, fore 
chest - 

Weight of heart 

Circumference of 

heart (base) 

(Circumference of 
heart (ape.x) 


Depth, fore chest 

Width, fore che^t 

(’oiitour area chest 
(inshle, seventh rib). 
C’oiitour area fore 
chest (outside sixth 
rib) 


Per 
cent 
| 102.8 
138. 2 

117.6 

146.8 


126.4 
120.6 
101.1 

113.5 


111.7 


103. 6 
97. 0 


Data for digestion and 
assimilation 


98. Si 
106. 1 


Item 


Depth, paunch 

Width, paunch 

Circumference, 

paunch 

("ontour area, paunch 


Weight, small iritostlne| 
Weight, large intestine 
Total weight, intes- 
tines 

T,ongth, small intes- 
tine 

Length, large intes- 
tine.- 

Total length. Intes- 
tines - . 

Total weight, stomachs| 

Width, paunch.. 
Contour area, paunch 
(inside thoracic^ cage 
at thirteenth rib).. 
Contour area, paunch 
(outside thirteenth 
rib) 


123. 1 


ias.4 

101.4 
104. 3 


The ante-niortem averages for the three groups (121.1, 120.4, and 
123.1 per cent) average 123.0 per cent, and are very similar; the post- 
mortem averages, aside from those of the body-size group, which is 
dependent to a very high degree on condition and fleshing, are con- 
siaerably lower (111,7 and 99.0 per cent); and the skeletal-structure 
items also are lower (100.9, 106.1, and 104.3 per cent). Considered on 
any basis, the data emphasize the similarity of the two animals from 
the standpoint of body dimensions, internal anatomy, and skeletal 
structure, and show that the differences w^hich existed were to a very 
great extent due to differences in the muscular development and flesh- 
ing of the animals. 




Dec. 1, 1932 


Conjormaiion and Anaiomy oj Cow and BvU 


671 


SUMMARY 

EXTERNAL CONFORMATION OF LIVING ANIMAL 

Although the bull was 61.8 per cent heavier than the cow, his body 
lengths and heights were, on an average, not more than 2 per cent 
greater. 

The bull’s depths averaged 7.4 per cent, and his widths and cir- 
cumferences averaged, respectively, 17.5 and 17.8 per cent greater. 

On an average, the depths, widths, and circumferences of barrel 
(fore chest, rear chest, and paunch measurements) were 7.4, 26.4, 
and 15.5 per cent greater for the bull. 

In the entire group of 25 conformation measurements, only 3 
were less for the bull, and the average was 10.7 per cent greater for 
the bull. 

The averages for each group of conformation measurements show 
that the bull was larger, but the differences in measurements do not 
approach the difference in live weight. 

The bull was 46.8 per cent greater in contour area of fore chest and 
41.3 per cent greater in contour area of paunch. The proportion of 
the total area above the vertical mid-point of the contours of the 
fore chest and of the paunch were almost identical for the two animals. 
The distribution of the area of the paunch indicated for both animals 
a deep but “slab-sided” body. 

The cow and bull were similar in respect to slope of rump. 

The thoracic and abdominal indexes indicate that the cow was deep 
and narrow and the bull relatively wide in the fore chest but that 
both were similar at the paunch. 

The bull was 49.0 per cent larger in volume of barrel and 22.0 per 
cent larger in body-surface area. 

In legginess very little difference between the two animals was found. 

The wedge shape of the bull was greater than that of the cow from 
the standpoint of depth, but from the standpoint of width, circum- 
ference, and contour area it was less. 

The circumference of shin bone or metacarpus as measured in the 
living animal indicated considerably greater heaviness of bone in the 
bull. 

The greatest conformation differences were found in widths and 
circumferences. The nine conformation measurenumts showing the 
greatest difference between cow and bull were all for width or circum- 
ference. Only moderate differences were noted between the depths 
of body of the two animals. The smallest differences were in heights 
and lengths, which indicates that the relative “scale” of the two 
animals was almost the same, 

INTERNAL ANATOMY 

The empty body weight of the bull was 560.8 pounds, or 73.0 per cent 
greater than that of the cow. The corresponding ante-mortem differ- 
ences of 573 pounds and 61 .8 per cent are similar. 

The total lengths of intestines for the cow and bull were, respectively, 
166.50 and 206.96 feet. Although this difference is considerable, the 
length recorded for the cow is at least 30 feet above the minimum, and 
that for the bull is about 35 feet below the maximum, recorded in a 
post-mortem study of a large number of animals, now in progress. 

Retention of blood in the lungs of the cow prevented the determina- 
tion of her lung weight. That of the bull was 8.70 pounds, which on 



672 


Journal of AgricvUural Research 


Vol. 45, No. 11 


the basis of data obtained from a large number of cows, indicates that 
the weight of lungs for each 100 pounds of empty body weight was 
decidedly low. 

In weight and in circumference over the apex, the heart of the bull 
was considerably greater than that of the cow. In circumference 
near the base the hearts were almost the same. When compared with 
the weight of heart of the cow used in this study, or with the average 
for a large number of cows on which post-mortem data are available, 
the weight of heart of the bull for each 100 pounds of empty body 
weight is low. 

The 20 post-mortem weights and measurements compared were 125.1 
per cent as great for the bull as for the cow. Thirteen of these were 
above 100 per cent and averaged 154.2 per cent. Of the 7 items 
below 100 per cent, only the 2 which represented total weight of empty 
stomachs and weight of kidneys were comparable or significant ; the 2 
items which represented contents of digestive tract are affected by 
conditions of management; weight of thoracic fat is probably of little 
significance; and the other two items, which represented weight of 
intestines, might have been affected by the writers’ inability to remove 
all the fat. The average of the 13 items above 100 per cent and the 
2 below 100 per cent that may be significant, was 144.8 per cent. 

The relation of bull to cow appears to have been 191.1 per cent for 
the post-mortem items directly associated with body size, 111.7 per 
cent for those pertaining to circulation, 99.0 per cent for the organs of 
digestion and assimilation, 87.8 per cent for the kidneys, 204.2 per 
cent for the endocrine glands studied, and 125.8 per cent for the vis- 
ceral fats. 

Except for the weights of kidneys, total stomachs, and total intes- 
tines, tlie weights and measurements of the organs and body parts 
were rather consistently greater for the bull. 

From the standpoint of units of weight or measurenient for each 100 
pounds of empty Ipody weight, only four items were greater for th(' 
bull. These are weight of thyroid, weight of hide, which is directly 
associated with body size, weight of spleen, and weight of abdominal 
fat, which probably is of little significance. The average for the 19 
items is 70.9 per cent. The average for the four items above 100 is 
129.0 per cent. It appears, therefore, that aside from some of the 
endocrine glands, the difference in size of organs was not in propor- 
tion to the difference in the empty body weight of the two animals. 

The only organs found to be proportionately larger in the bull were 
the thyroid and the spleen. 

SKELETAL STRUCTURE 

The skeletal heights were almost the same for the bull as for the cow. 
This should have been the case since the skeletons were assembled on 
the basis of ante-mortem height measurements, which were nearly the 
same for both animals. 

The total length of the leg bones was almost the same for both 
animals. In both the thoracic and pelvic limbs, however, the upper 
(dorsal) bones were longer in the bull, and the lower (ventral) bones 
were longer in the cow. 

The skeletal body lengths of the two animals were almost identical. 

Outside widths, taken as nearly as possible at the planes used in 
measuring the ante-mortem widths of fore chest, rear chest, and 
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paunch, were strikingly similar for the two animals. In no instance 
was the difference greater than 2 cm. 

The widths of thoracic cavity taken at the anterior edge of each rib 
were similar, but averaged slightly less for the bull than for the cow. 
They do, however, indicate a somewhat greater lateral wedge for the 
bull, wliich is the reverse of the relation shown by the ante-mortem 
measurements. 

On an average, the inside depths of the thoracic cavity of the bull 
differed from those of the cow by less than 1 cm. They were, how- 
ever, less in front and greater in the rear, showing a considerably 
greater vertical wedge for the bull. Tliis is in agreement with the 
ante-mortem data. 

The length of thoracic cavity and the average length of thoracic 
vertebrae were almost the same for the two animals. 

Although the average widths, average depths, and the length of 
the thoracic cavity of the cow and bull were very similar, the inside 
cross section or contour areas measured were distinctly greater for 
the bull. The outside contour areas at the fore chest and at the 
paunch, however, were almost the same for both animals. 

The sternum of the bull was much lower in front, considerably lower 
in the rear, almost the same in length, and slightly more nearly level 
than the sternum of the cow. 

The loin was considerably shorter and wider in the bull. 

The dorsal spinous processes, both thoracic and lumbar, were dis- 
tinctly longer in the bulJ, but very little difference in their position 
was noted. The greatest differences in thoracic processes were found 
in those attached to the anterior vertebrae and may have had some 
relation to the ‘Vrest^^ in the bull. 

The lateral processes attached to the lumbar vertebrae were nearly 
horizontal in the bull, whereas those in the cow inclined downward." 

The anterior ribs of the bull were wider and the posterior ribs were 
narrower, but on an average they were nearly the same for both 
animals. 

The length of every one of the ribs was greater for the bull, but the 
largest relative differences were found in connection with the anterior 
ribs. 

The average width of the spaces between ribs was slightly greater 
in the buU; but the anterior ones were very much greater, and the 
posterior ones very much less in the bull. 

Although there was a great deal of variation in individual vertebrae, 
both the thoracic and lumbar foramina were on an average distinctly 
smaller in the bull. The one that is supposed to permit passage of 
the nerve which in the cow innervates the udder, was only 71.4 per 
cent as large in the bull as in the cow. The significance of the size 
of foramina appears to be speculative. 

The pelvis of the bull was strikingly different from that of the cow 
in many respects, although the width of hips and thurls and the length of 
rump of the two animals were nearly the same. The slope of the rump 
was considerably less in the bull, the angle of the pelvic floor was about 
the same in both animals, and the angle of the anterior pelvic aperture 
was somewhat less in the bull. The floor of the pelvis was longer in 
the bull. The axes of the anterior pelvic aperture were both distinctly 
less m the bull, and its contour area was only 71.1 per cent as great 
in the bull as in the cow. The width between the top points of the 
pin bones, and the width of pelvis above the acetabulum were both 
U7504— 82 3 
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very much less in the bull. The entire pelvic cavity was distinctly 
less roomy in the bull. 

The width of head was distinctly greater in the bull, but the other 
head measiu'ements differed only slightly. 

The cervical vertebrae were noticeably larger in the bull, particularly 
in width. 

The similarity in measurements of height and of length of the entire 
skeleton, as well as its parts, indicates that both skeletons were almost 
the same in ‘ ‘ scale. 

The circumference and the lateral and anterior-posterior diameters 
of the leg bones, except the scapula, which was not measured, were in 
every instance greater in the bull. A relatively greater heaviness 
of bone in the bull was indicated. 

A comparison of large numbers of cow and bull skeletons would be 
desirable but impracticable. The data obtained in this study are 
presented to show the differences found between two skeletons, and 
it is not to be inferred that the same differences would necessarily 
be found between skeletons of all cows and bulls. 

CONCLUSIONS 

The external conformation of the bull differed considerably from 
that of the cow. The most marked differences noted were in widths 
and circumferences of the body and in general heaviness in the anterior- 
parts. In body depths the animals were only moderately different, 
and in the measurements which indicate ‘ ‘ scale they were almost 
the same. 

The apparent differences in the conformation of the cow and bull 
arc due largely to (1) the crest of the bull, which is partly skeletal 
but mostly muscular; (2) the low front chest development in the 
bull, which gets its appearance partly from the heavy muscular 
development, and partly from the low position of the anterior end 
of the sternum boAe, but largely from the abundance of loose skin 
that extends from the throat to the brisket; and (3) the fact that 
the head of the bull, although similar in length and depth to that of 
the cow, is much broader. Any tendency for the bull to appear light 
in the flank is due in part to his relatively heavy muscular develop- 
ment in the front quarters, and to the fact that he does not, like the 
cow, have an udder to carry out his underline on a downward slope. 

Although many of the bulFs internal organs were actually larger 
than those of the cow in units of weight or measurement, only two 
of them were proportion a teiv as large as in the cow when considered 
on the basis of total animal structure or empty body weight. The 
differences in size of internal organs do not appear to be sufficiently 
great to indicate significant differences in functional ability. 

In skeletal structure the cow and bull were very similar. The 
greatest differences appear in the cervical vertebrae and in the size 
and shape of the pelvis. The first gives the bull the necessary strength 
to defend himself; the second is undoubtedly a provision of nature to 
enable the cow to give birth to her young. 

The cow and bull were surprisingly similar in some of their body 
dimensions, and in their internal anatomy and skeletal structure. 
The differences which did exist were to a very great extent due to 
differences in muscular development and fleshing. 



EFFICIENCY FACTORS AND THEIR USE IN DETERMIN- 
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By W. A. Huelsen 
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Experiment Station 

INTRODUCTION 

The conventional methods of interpreting the results of field experi- 
ments with fertilizers may not prove to be entirely satisfactory under 
all circumstances. For example, in a single experiment involving a 
large number of fertilizer ratios, a situation may arise wherein yields 
having no statistically significant differences are derived from several 
treatments which appear to have only a remote resemblance to each 
other. Under such conditions it is virtually impossible to determine 
the optimum fertilizer ratio, and the investigator is compelled either to 
guess or to have recourse to supplementary experiments of various 
types. Economic interpretations based on fertilizer costs are possible, 
of course, and are frequently used, but it is doubtful whether their use 
is justified in experiments in which the primary object is to determine 
the optimum ratios. 

The experiment discussed in this paper, because of the large number 
of treatments involved, proved to be extremely diflScult to interpret. 
Of the 63 fertilizer treatments included in the work, the 10 highest 
ranking ratios proved to be not only quite diverse, but also to have 
a maximum difference in increased yields over adjacent checks of only 
0.323 ± 0.162 ton, or 20.85 ± 9.4 pCT cent. (Table 1 .) Neither one of 
these differences is statistically significant, and yet these 10 treat- 
ments are quite dissimilar as to ratio. In this case supplementary 
experiments were conducted in several sections of Illinois on many 
different types of soils, with the result that the optimum ratios were 
found to be included among the 10 mentioned. 

Conducted in this way, fertilizer experiments become unduly 
burdensome and expensive, because of the large number of treatments 
which must be included in the supplementary work. The question 
naturally arises. Is it not possible to submit the results of the original 
experiment to a more intensive and critical analysis than is usually 
given them? Would such an analysis narrow the range of treatments 
to be considered and lead to the determination of the optimum ratio 
without recourse to supplementary tests? The purpose of this article 
is to outline a method by which this may be done and to illustrate it by 
analyzing an extensive fertilizer experiment. 
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Table \.—Mean increases in sweet-corn yields per acre in fertilized plots over 
respective adjacent checks 


Treatment 

Edible ears 

Green fodder 

Tons increase 
over check 

Dev. 
P. E. 

Student’s 

odds 

Per(«ntage 
increase 
over check 

I'ons increase 
over check 

Dev, 
P, E. 

Student’s 

odds 

Per(»ntago 
increase 
over check 

001 

-0. 193±0. 058 

3.3 

33:1 

-8.98-1-2.7 

-0. 452*0. 265 

1.7 

6:1 

-12.24* 7.2 

002. 

.030d: .034 

0.9 

2:1 

1.63*1.6 

. 162* . 108 

1.5 

5:1 

5.07* 3.4 

004 

.m± .058 

1.1 

3:1 

3.58*3.2 

-.078* .109 

.7 

2:1 

-2.44* 3,5 

010.. 

.m± .084 

4.7 

179:1 

22.63*4.8 

.432* .110 

3.0 

73:1 

15. 64* 4. 0 

on 

.244=fc ,070 

3.5 

43:1 

13. 91*4.0 

.303* .104 

2.9 

22:1 

10.97* 3.8 

012 

. 338± . 095 

3.6 

46:1 

17.99*5.0 

.410* .131 

3.1 

28:1 

13. 68* 4. 4 

014.. 

. 519d= . 102 

,5.1 

276:1 

27,62*5.4 

1. 188* . 152 

7.8 

4,999:1 

39.36* 5.0 

020 

.224± .060 

3.7 

.57:1 

10.02*2.7 

.393* .139 

2.8 

19:1 

11.46* 4.1 

021 

.4i0=b .094 

4.4 

132:1 

18.75*4.3 

. 795* . 137 

5.8 

610:1 

23. 18* 4. 0 

022 

. 409± . 101 

4.0 

83:1 

18.52*4.6 

.873* .180 

4.8 

198:1 

2,5. 62* 5, 3 

024 

. 457± . 072 

6.3 

989:1 

21.36*3.4 

1, 150* . 168 

6.8 

1,866:1 

33.74* 5.0 

040_ 

. 363± . 076 

4.8 

198:1 

19.45*4.0 

.004* .105 

.04 

<1:1 

1.26*31.5 

041 

.673dfc .086 

7.8 

4,099:1 

37.41*4.8 

.940* .152 

6.2 

908:1 

32. 29* 5. 2 

042 

.683± .082 

8.3 

>9,999:1 

37.28*4.5 

.939* .162 

5.8 

610:1 

.3,3.02* 5.7 

044 

. 776± . 115 

6.7 

1,799:1 

43. .50*6. 5 

1.322* .144 

9.2 

>9,999:1 

47.62* 5.2 

100 

.087d= ,082 

1.1 

8:1 

5.51*5.0 

.252* .212 

1.2 

3:1 

9. 74* 8. 1 

101 

-,232± .124 

1.9 

7:1 

-12.41*6.5 

.001* .226 

.3 

1:1 

2.09* 7.0 

102 

. 037db . 095 

.4 

1:1 

1.89*4.7 

. 849* . 123 

6.9 

1, 932:1 

28. 22* 4. 1 

104. 

-.094d= .080 

1.2 

3:1 

-4.70*3.9 

.242* .170 

1.4 

4:1 

7.70* 5.5 

no. 

.241± .053 

4.6 

1.51:1 

12.62*2.7 

. 430* . 106 

4.1 

83:1 

14.71* 3.6 

Ill 

. 178± . 068 

2.6 

16:1 

9.07*3.5 

-.056* .087 

.6 

2:1 

-1.77* 3.0 

112 

. 598db . 092 

6.5 

1,221:1 

34. 73*5. 3 

1.145* .144 

8.0 

4,999:1 

42.34* 5.3 

114 

.612± .080 

7.6 

3,332:1 

38.54*5.1 

.920* .098 

9.4 

>9,999:1 

.3.5.91* 3.8 

120 

.626db .070 

7.5 

3,332:1 

28.93*3.9 

.422* .100 

4.2 

99:1 

13.91* 3.3 

121 

.626± .086 

7.3 

3.332:1 

34.47*4.7 

.825* .177 

4.7 

169:1 

26.06* 5,7 

122 

. 776± . 142 

6.5 

400:1 

44.47*8.1 

1.056* .200 

5.3 

.3.30:1 

34. 30* 6. 5 

124 

.532=k .090 

5.9 

666:1 

31. 11*5. 3 

1.057* .185 

5. 7 

.553:1 

,36. 24* 6. 4 

140 

.594:i; .121 

4.9 

224:1 

30. 12*6. 1 

. 738* . 155 

4.7 

179:1 

23.09* 4.9 

141 

. m± . 125 

5.2 

323:1 

,32.76*6.3 

1. 100* . 178 

6.2 

948:1 

35. 46* 5. 7 

142. 

. 797± . 115 

6.9 

1,932:1 

40.11*5.8 

1.50,3* .138 

10.9 

>9,999:1 

48.45* 4.4 

144 

.971d: .134 

7.2 

3,332:1 

56.58*7.7 

1.919* .243 

7.9 

4,999:1 

08. 36* 8. 6 

200 . 

-.051± .038 

1.3 

2:1 

-2.91*2.2 

-.12,5* .076 

1.6 

6:1 

-4.86* .3.0 

201 

-.147± .038 

3.9 

66:1 

-7. 17*1.8 

-.168* .088 

1.9 

7:1 

-.5.2.5* 2.8 

202 

-.054± .097 

.6 

2:1 

-2.91*4.8 

-.006* .177 

. 03 

<1:1 

-.20* 6.6 

204. 

. 002=b . 105 

.9 

2:1 

5.32*6.9 

.6,56* .159 

4.1 

88:1 

24.06* 6.0 

210 

.091db .100 

.9 

2:1 

4.66*.5.5 

.029* .144 

0.2 

1:1 

1.01* .5.0 

211.... 

.264:b .092 

2.9 

21:1 

14.45*5.0 

. 338* . 105 

,3.2 

31:1 

10. 04* 3. 1 

212 

. .545± . 106 

5.1 

293:1 

31.9,5*6.3 

.577* .185 1 

3.1 

28:1 

19.79* 6.4 

214 

.447± .093 

4.8 

198:1 

26.10*5.2 

. 898* . 132 

6.8 

1,799:1 

29.81* 4.4 

220 ... 

. 543± . 083 

* 6.6 

1, ,332:1 

31. 50*4. 8 

. 227* . 133 

1,7 

6:1 

7. 74* 4. 6 

221 

.593=1= .098 

6,1 

811:1 

31.92*5.2 

.809* .138 

5.8 

638:1 

27. 78* 4. 8 

222.- 

. 598± . 102 

,5.8 

666:1 

29.93*5.2 

1.129* .136 

8.3 

>9,999:1 

38. 69* 4. 7 

224 

. 371± . 130 

2.8 

17:1 

16.50*5.9 

1.430* .180 

8.0 

2, 499:1 

42. 88* 5. 4 

240 

.648d= .091 

7.1 

1,490:1 

29.16*4.1 

1.241* .175 

7.1 

1,499:1 

38.06* ,5.4 

241 

. 571=b . 107 

,5.3 

354:1 

26.20*4.8 

1.068* .194 

5,5 

431:1 

33. 20* 6. 0 

242 

.563± .160 

3.5 

43:1 

26.66*7.3 

1.398* .228 

6.1 

860:1 

40.71* 6.7 

244 

. 622± . 070 

8.9 

9,999:1 

27.27*3.1 

1.648* .165 

10.0 

>9,999:1 

.52.05* ,5.2 

400 

-.107± .057 

1.9 

6:1 

-4.85*2.6 

-.0.53* .084 

.6 

2:1 

-1.58* 2.6 

401 

,327db .063 

5.2 

195:1 

17.38*3.3 

.506*. 1.32 

,3.8 

48:1 

16.63* 4.4 

402 

~.060db .086 

.7 

2:1 

-3.01*4.3 

. 188* . 1.39 

1.4 

4:1 

6. 26* 4. 5 

404 

-.050db .086 

.6 

2:1 

-2.24*3.7 

-.089* .169 

.5 

2:1 

-2.37* 4.7 

410 

.287-1- .095 

3.0 

25:1 

14.81*4.9 

-.053* .302 

.2 

<1:1 

-1.5.5* 7.8 

411 

.318:1; .103 

3.1 

27:1 

1 16.06*5.1 

.595* .137 

4.3 

109:1 

18.05*4.2 

412 

.260± .067 

3.7 

67:1 

12.14*3.3 

.693* .180 

3.8 

63:1 

19. 45* 5. 1 

414 

. 572=fc . 130 

4.4 

123:1 

30.12*7.0 

1.007* .201 

5.0 

241:1 

29.89* 6.0 

420.... 

.736± .083 

8.9 

>9,999:1 

38.98*4.4 

.946* .183 

5.2 

808:1 

31.56* 6.1 

421.... 

.422d; .131 

3.2 

31:1 

22,35*7.0 

.409* .184 

2.2 

10:1 

13.65* 6.2 

422 

.587d= .058 

10.1 

>9,999:1 

32.04*3.2 

.99,5* .127 

7.8 

4,999:1 

35. 15* 4. 5 

424... 

.651:1; .046 

14.2 

>9,999:1 

35. 53*2. 5 

1. 155* . 132 

8.8 

>9,999:1 

40.80* 4.6 

440 

.360* .092 

3.9 

68:1 

15.78*4,0 

.959* .176 

5.4 

400:1 

26. 32* 4. 9 

441 

. 571± . 063 

9.1 

>9,990:1 

24.94*2.7 

1.270* .216 

5.9 

666:1 

34.85* 5.9 

442 

334* 080 

4l. 2 

99*1 

13.13*3 1 

.940* 115 

8 2 

4 999:1 

21.74* 2.6 

444 

!i44* .*074 

1.9 

7:1 

5. 89*3.* 1 

.822* .*162 

5.' 4 

'369:1 

10.01* 3.5 


METHODS OP CRITICAL ANALYSIS 

In even the most elementary types of field experiments it is custom- 
ary to apply nitrogen, phosphorus, and pota^ singly, any two to- 
gether, or all three together in various proportions. As a rule, the 
only use which is made of the results thus secured is to show the effect 
of omitting one or two of the elements. This is of considerable value 
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in determining the soil requirements, but no advantage is taken of the 
fact that salts applied singly or by twos afford a means of determining 
indirectly the effects of fertilizer combinations if the proper compari- 
sons are made. 

A very simple theoretical experiment will serve as an example. 
Assuming that the experiment consists of applications in equal amounts 
of 2-12-6, 0-12-6, 2-0-6, and 2-12-0, the appropriate subtractions 
of the vields will show the effect of each element. Thus 0-12-6 sub- 
tracted from 2-12-6, 2-0-6 subtracted from 2-12-6, and 2-12-0 
subtracted from 2-12-6 will show the effect of adding nitrogen, phos- 
phorus, and potash, respectively. In this paper the differences thus 
obtained are called ‘^efficiency factors,’^ and the respective differences 
are the nitrogen -efficiency factor, the phosphorus efficiency factor, 
and the potash efficiency factor. These factors, however, have but 
little value in an experiment of only four plots; but if two more plots 
are added and the same amounts of 4-12-6 and 8-12-6 are used, the 
efficiency factors can then be utilized. Thus by subtracting the 
yields from treatment 0 -1 2-6 from those of 2-12-6, 4-12-6, and 8-12-6, 
the respective efficiencies of 2, 4, and 8 per cent nitrogen can be 
determined. The relationship is very simple, and the efficiency of 
the nitrogen applications varies directly with the yield, since the yield 
of 0-12-6 is a constant. The relationship, however, may be much 
more complex. Let it be assumed that four treatments of a different 
type are added to the original experiment, as for instance, 0-18-6, 
0-24-6, 2-18-6, and 2-24-;-6, and that the nitrogen efficiency of 2-12-6, 
2-18-6, and 2-24-6 is desired. This may be obtained by subtracting 
from the preceding the treatments 0-12-6, 0-18-6, and 0-24-6, re- 
spectively. vShould the efficiency of nitrogen increase in the order in 
which the treatments appear, it would be concluded that successively 
larger dosages of phosphorus tend to increase the efficiency of nitro- 
gen. This is an indirect effect due to phosphorus which can not be 
determined by direct inspection of the yields for each treatment. 
This method can be extended to include all three nutrient elements 
and, moreover, proves to be useful in analyzing plot data. 

The problem analyzed in this paper is based on a 6-year accumula- 
tion of sweet-coni yields from 389 separate plots in a fertilizer- 
rotation series at Urbana, 111. The means in Table 1 have been calcu- 
lated from approximately 1,200 separate plot records and constitute 
the problem in the solution of which the efficiency-factor method will 
be applied. 

LOCATION AND PLAN OF THE EXPERIMENTS 

The experiment was laid out in four 10-acre fields at Urbana, 111. 
Three of the fields had been planted for an indefinite period to the 
field com and oats rotation typical of central Illinois, but the fourth 
field was in bluegrass pasture for four years prior to the experiment. 
Neither limestone nor commercial fertilizers of any kind had ever 
been applied to any of the fields. Soil-acidity tests of several types 
showed a limestone requirement of 3 tons, and this was applied at the 
beginning of the experiment. The soils in these fields vary very 
widely, but the predominating one is a dark semimature type having 
a noncalcareous subsoil. 

The four fields were first laid out in 1922 and 1923 on the basis of a 
4-year rotation consisting of wheat or oats, red clover, followed by 
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two crops of sweet com grown for canning, which was a typical ro- 
tation at that time. Fertilizer was applied to each of the two sweet- 
corn crops, the yields of which are the only ones presented in this 
paper. 

. The field methods used throughout the work were as accurate as 
could be devised. All the fertilizers were broadcast by hand and 
harrowed in within 24 hours of planting. The com was planted 
rather thickly by hand in check rows 42 by 42 inches and later 
thinned to three "stalks per hill. The variety of sweet com used was 
Country Gentlemen, bred at the station. 

The fertilizer treatments consisted of a modification of those 
recommended by Spillman {8).^ The following arbitrary dosages 
were selected as the basis of application : 

7.6, 16, and 30 pounds nitrogen per acre as sodium nitrate. 

32, 64, and 128 pounds P2O5 per acre as 16 per cent superphospliate. 

25, 50, and 100 pounds KjO per acre as potassium chloride. 

These treatments are called respectively, single, double, and quad- 
ruple, and will frequently be referred to in the text as such. Wnere- 
as Spillman {8) recommended a single and double treatment, this plan 
was elaborated by adding a quadruple treatment. 

These quantities of plant nutrients were applied in all possible 
mathematical combinations. Excluding the zero dosage for all 3 
elements (checks), there are 63 combinations. An advantage of this 
layout is the large number of possible direct comparisons. There are 
48 possible comparisons for determining the effects of any one of the 
three single elements, 16 where any two vary, and 4 where all three 
vary. 

For the sake of brevity the treatments will be presented in the form 
of the amount applied in the conventional N-P-K sequence. Thus 
the treatment 124 means a single dosage of nitrogen (7.5 pounds per 
acre), a double dosage of phosphorus (64 pounds P 2 O 6 per acre), and 
a quadruple dosag^ of potash (100 pounds K 2 O per acre). In the 
case of 024, the dosage is the same as 124 except that the nitrogen is 
omitted. A complete list of the treatments follows: 


000 

020 

100 

120 

200 

220 

400 

420 

001 

021 

101 

121 

201 

221 

401 

421 

002 

022 

102 

122 

202 

222 

402 

422 

004 

024 

104 

124 

204 

224 

404 

424 

010 

040 

no 

140 

210 

240 

410 

440 

on 

041 

111 

141 

211 

241 

411 

441 

012 

042 

112 

142 

212 

242 

412 

442 

014 

044 

114 

144 

214 

244 

414 

444 


The plots were so laid out in each field that every third one was a 
check. No maintenance fertilizer treatment was applied to any of 
the checks during the period covered by this report. Nevertheless, 
the check yields nave been maintained reasonably well by the use of 
limestone and clover. The treated plots differ from the checks in 
receiving only the fertilizer in addition to limestone and clover. 
The practice has been to remove from all plots, including checks, one 
cutting of clover, one small-grain crop, including the straw, and only 
the green ears from the two sweet-corn crops. The green fodder was 
cut, weighed, and then returned to the plot from which it came. 


> Reference Is made by number (italic) to Literature Cited, p. 704. 
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All the subsequent data have been computed on an acre basis from 
the plots, each of which is 28 by 77 feet, or 0.04949+ acre, net size 
after a single border row had been removed around the plot. The 
gross size is 31 .5 by 80.5 feet, or 0.058213 acre. The distance between 
the net plots with borders removed is 15 feet in each field. 

All the fertilizer salts used in this experiment were chemically 
analyzed, and the amounts applied to each plot wore calculated on this 
basis. 

EXPERIMENTAL METHODS 

The harvesting of sweet corn in the edible green stage presents 
problems peculiar to this crop. Botanically immature when snapped, 
sweet corn is accordingly subject to considerable variation in total 
weight of ears due to increases in the amount of food material stored 
and the total percentage of moisture present at different stages. 
Wide variations in maturity resulting irom the differential effect of 
fertilizers prevent any possibility of harvesting the plots simultane- 
ously without incurring a largo and decisive experimental error due to 
differences in weight. On tlie basis of the work of Appleman and 
Eaton the author experimented in 1922 with a method of silk 
counting in order to determine the probable date of harvest for each 
plot. Appleman (2) and Culpepper and Magoon (4) in extensive 
experiments with sweet corn, have shown that maturity can be deter- 
mined with reasonable accuracy by means of silk counts. The accu- 
racy of the method w’ith respect to field corn has been demonstrated 
by Myers (7) who has shown that there is a high degree of correlation 
between silk counts and dry maturity. Although there is reason to 
believe that silk counting in sweet corn is a much le^ss reliable index 
of mat\irity than in field corn, owing to the multiplicity of suckers and 
shoots in the former, no other field method of predicting maturity is 
known at present which will answer the same purpose. 

The weights given in the subsequent tables are for edible green 
corn harvested as nearly as possible at a stage when not more than 5 
per cent of the ears by weight were showing slight denting. The 
weights are those of sorted corn, the culls being omitted. 

The weights of green fodder were obtained by weighing the stalks 
immediately after the green corn was harvested. 

No corrections for soil variations have been made beyond comparing 
the yield of each treatment with that of the adjacent check. 

STATISTICAL METHODS 


Each treatment has been paired with its respective adjacent check 
and the significance of the mean differences in yield determined by the 
use of Student^s method (i, 5, 6"). The odds appear in Table 1. 

The probable errors of the mean increases in yields expressed both 


as tons and percentages have been calculated according to the formula 
0.6745 N. Z>. , , , , , , . . 

. probable errors of certain factors appearing in 

Tables 2 to 13, inclusive, have also been determined, and the methods 
of calculation will be discussed along with the derivation of these 
factors. Deviations which are 3.2 or more times their probable errors 
are considered statistically significant. Student^s odds which are 30 : 1 
or more are likewise considered significant. 
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EXPERIMENTAL RESULTS 

The mean increases or decreases in yield from the fertilized plots as 
compared with the yields from the respective adjacent checks, together 
with the odds and the respective percentages, are shown in Table 1 . 
These means have been calculated from 12 annual crops over the 
6-year period, 1923 to 1928, inclusive. The data in Tables 2 to 7 have 
been computed from Table 1, but the intermediate steps are not 
shown. 

The results are discussed from two standpoints, the first in terms 
of increased yields expressed as percentages and taken directly from 
Table 1, and the second as efficiency factors. The term ‘^efficiency 
factor as used in this paper means the increase in the percentage 
yield duo to one of the three major nutrient elements designated. 
Each efficiency factor has been calculated from Table 1. by means of 
direct comparisons between appropriate fertilizer combinations. For 
example, in treatment 144 it is possible to determine for edible green 
ears the efficiency factors for all three elements, as follows : 


Nitrogen efficiency factor: 

Per cent increase in yield, treatment 144 55. 58 i 7. 7 

Per cent increase in yield, treatment 044 43. 50 ±6. 5 

Increase due to nitrogen, or N efficiency factor 12. 08il0. 1 

Phosphorus efficiency factor: 

Per cent increase in yield, treatment 144 - 55. 58 ±7. 7 

Per cent increase in yield, treatment 104_ —4. 70 ±3. 9 


Increase due to phosphorus, or P efficiency factor 60. 28 i 8. 6 

Potash efficiency factor: 

Per cent increase in yield, treatment 144. 56. 58 i 7. 7 

Per cent increase in yield, treatment 140 30. 12 ±6. 1 

Increase due to potash, or K efficiency factor 26. 46 ±9. 8 


The probable err ors of the efficiency factors have been calculated 
from the formula where a and b represent the probable errors 

of the two percentages used in the subtraction. The correlation is 
assumed to equal zero. 

Because of the mathematical relation existing between the fertilizer 
treatments, a very large number of comparisons may be made. In 
order to avoid confusion, a uniform method of analysis is used in 
Tables 2 to 7, which consists of determining the efficiency factors for 
individual treatments in the appropriate 2-element series and com- 
paring them by means of curves (figs. 1, A, to 12, A, and 1, C, to 
12, C) derived from Tables 2 to 7. Comparisons must also be made, 
of course, in the 3-element series, that is, the complete fertilizers, but 
as there are three dosages of the third element in each case, three 
additional sets of curves would be necessary. In order to avoid this, 
the 0, 1, 2, and 4 dosages of the third or qmescent element, have been 
averaged in Tables 2 to 7 and these means compared in curves. 
(Figs. 1, B, to 12, B, and 1, D, to 12, D.) In order to indicate the 
iact that a given treatment is a mean of this type, the letter X is 
substituted for the third or quiescent element. Thus 12X indicates 
that this treatment is the average of 120, 121, 122, and 124. 

The probable errors of these ‘‘X’^ treatments are determined in 

each instance by means of the formula + in which 
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a, b) Cf etc., indicate the probable errors of single deviations, and N' 
the number of deviations, which is four in each case. 

This system of averaging is open to certain objections, the principal 
one being that comparisons between individual treatments may lead 
to conclusions which differ from those in this paper. The same 
criticism is applicable, however, whenever any attempt is made to 
compare the trends between single determinations and means. 



FiouKE l.~-The effect of successive increments 
of nitrogen on the efficiency of phasphorus, 
Ijoth with and without potash; results for two 
elements shown in A and C, for three elements 
in 1) and D, for edible ears in A and I), and 
for green fodder in and I) 



Figure 2,“The effect of successive increments 
of phosphorus on its efficiency in nitrogen- 
phosphorus combinations, both with and 
without potash; results for twm elements 
sliown in A and C, for tliree elements in B 
and D, for edible ears In A and B, and for 
green fodder in C and D 


EFFECT OF NITROGEN ON THE EFFICIENCY OF PHOSPHORUS 

The effect of nitrogen on the efficiency of phosphorus is shown in 
Table 2 and Figures 1 and 2. The efficiency factors for both edible 
ears and green fodder are given. 

The efficiency factors for edible ears (Table 2 and figs. 1, A, and 
1, B) will be discussed first, comparisons being made in the order of 
increasing nitrogen with phosphorus constant, as follows: 

010 - 110 - 210 - 410 . 

020 - 120 - 220 - 420 . 

040 - 140 - 240 - 440 . 

Where the mean factors are compared, X is simply substituted for 
the ‘‘0 potash. In Table 2 and Figure 1, A, the efficiency factors of 
020“] 20-220-420, all of which are significant, appear in a constantly 
increasing order. In the single phosphorus series (010-1 10-210-410) 
nitrogen apparently has a depressing effect, although only one of the 
nitrogen treatments is statistically significant. A comparison of the 
efficiency factors in the series 040-140-240-440 shows an upward 
tendency in phosphorus efficiency reaching the maximum in treat- 
ment 240. 
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The moan officiency factors in Figure 1, B, may be similarly com- 
pared. All these factors are statistically significant, according to 
Table 2. With low phosphorus constant in series 0lX-llX-2lX~ 
41X, nitrogen in larger quantities than the single dosage exercises a 
depressing effect. This tendency also appears in the nitrogen- 
phosphorus combinations (010-1 10-210'-410), but the curves do not 
resemble each other very closely. The series 02X-12X-22X-42X 
and 04X-14X-24X-44X resemble each other in the increased effi- 
ciency shown by the single dosage of nitrogen, followed by a decline 
when heavier treatments are applied. There is no resemblance 
between these two curves in Figure 1, B, and those in Figure 1, A, for 
the series containing equivalent amounts of nitrogen and phosphorus. 


Table 2. — Comparison of the effect of nitrogen on the mean percentage increases in 
yields of edible green sweet corn and of green sweet-corn fodder y and on the efficiency 
of phosphorus, basis of percentages 

GREEN SWEET CORN 


Treat- 

ment 

Increase 
in yield 

r efficiency 
factor 

Treat- 

ment 

Increase 
in yield 

P efficiency 
factor 

Treat- 

ment 

040 

041 .... 

042 

044 

Mean.. . 

140- . .. 
141 . . 
142. .. 

144 

Mean.- 

240 

241 

242 

244 

Mean.. 

440 ..... 

441.. .. 
442 . . ., 
444 

Increase 
in yield 

P efficiency 
factor 

010 

011 

012 

014 

Mean-- 

110 

111 

112 

114 

Mean , . 

210 

211 

212 

214 

Mean.. 

410 

411 

412 

414 

Mean.-j 

22. 63±4. S 
13.91i:4,0 
17.«9db6.0 
27. 62db6. 4 

22. 63i:4. 8 
22.89:k4.8 
16.36±5.2 
24.04^6.3 

020 

021 

022 

024 

Mean.. 

120 

121 

122 

124 .... 

Mean.. 

220 

221 

222 

224.. 

Mean.. 

420 

421 

422 

424 

Mean.. 

10.02d=2.7 
18.76d:4.3 
18.62±4.6 
21. 36d=3. 4 

10.02dr2.7 
27. 73±6. 1 
16.89±4.9 
17. 7K±4. 7 

19. 46d;4. 0 
37. 41 ±4. 8 
37. 28d:4. 6 
43. 50±6. 5 

19. 46±4. 0 
46. 39dt5. 6 
36. 66dh4. 8 
39.92±7.2 

20. 64d=2. 4 

21.48:^2.7 

17. 16±l.t 

18. 10:1:2. 0 

34. 41 ±2. 5 

35. 36:b2. 8 

12.62±2.7 
9. 07:^3. 5 
34. 73±6. 3 
64±fl. 1 

7.11:t6.7 
21.48=b7.4 
32.84db7,l 
43. 24:^6. 4 

28. 93d:3.9 
34.47^:4.7 
44.47±8.1 
81.11±6.£ 

23. 42d:6. 3 
46.88±6.8 
42. 68d:9. 4 
36.81d:6.6 

30. 12±6. 1 
32. 76d=6. 3 
40. Jld:6.8 
66. 68±7. 7 

24. 61d:7. 9 
46.17i:9.0 
38. 22±7. 5 
60. 28:£8. 0 

23. 74±2. 1 

26. 17±3. 3 

34.74±2.i 

37. 17±3. 7 

39. 04:k3. 3 

42. 07±4. 1 

4. 9fi±5. 5 
14. 45i;fl. 0 
31.95d:<1.3 
26. 10±5.2 

7.87=b6.9 
21.62^:6.3 
34. 86db7. 9 
19.78db7.9 

31.60:1:4.1 

31.02d:6.2 

29.93^:6.2 

16.60±5.9 

34. 41d:6. 3 
39.09±6.6 
32. 84±7. 1 
11. 18±8. 8 

29. 16±4. 1 
26. 20±4, 8 
26.66±7.3 
27.27±3.1 

32. 07±4. 6 
33. 37±5. 1 
28. 67±S. 7 
21. 96±6. 7 

19, 12±2.8 

21.03:1:3.4 

27.46d:2.6 

29. 38:b3. 3 

27.07±2.5 

2H. 99±3. 2 

H.81db4.9 
10. 00±;5. 1 
12. 14db3.3 
30.12±7.0 

19. 06rb6. 6 
-1.32.1:6.1 
16. 15:±:5.4 
32. 36i:7.9 

38.98d:4.4 
22.36±7.0 
32.04=b3.2 
36. 5a±2 . 5 

43. 83d:6. 1 
4.97±7.7 
36.06±5.4 
37.77±4.5 

15.73d:4.0 
24. 94:t2. 7 
13. 1 

5.89±3.1 

20. 68:b4. 8 
7. 66±4. 3 
16. 14±6. 3 
8. 13dr4. 8 

18. 28±2. 6 

16.46db3.1 

32.22±2.3 

30.40±2.9 

Mean.- 

14.92±1.6 

13. 10:1:2. 4 






GREEN SWEET-CORN FODDER 


010 

on 

012 

014 

16.64± 4.0 
10.97± 3.8 
1Z.QS± 4.4 
30.36± 6.0 

16.64:1: 4.0 
23.21d: 8.1 
8.&1± 6.6 
41.80d: 6.1 

410 

411 

412 

-1.66± 7.8 
18.05db 4.2 
19.46d= 5.1 
29.89=b 6.0 

0.03d: 8.2 

1. 42d: 6. 1 
13. lOd: 6. 8 
32.26di 7.8 

220 

221 

222 

7. 74d= 4. 6 
27. 78d: 4. 8 
38. 69d: 4. 7 
42.88d: 6.4 

12. 60d: 6. 6 
33.03d: 6.6 
38. 89d: 8. 1 
18. 22d= 8. 1 

414 

224 

Mean.- 

19.89± 2.2 

22.29± 3.1 

Mean. - 

16.46:±: 3.0 

11. 72d: 3. 6 

Mean-- 

29.27d- 2.4 

26. 68d: 3. 6 

no 

14.71db 3.6 

4.07:1: 8.9 

020 

11.46=b 4.1 

11.46d: 4.1 

420 

31. &6d: 6. 1 

33.14d: 6.6 

Ill 

-1.77d= 3.0 

-3.86± 7.6 

021 - 

23.18:1: 4.6 

36. 42d: 8. 2 

421 

13. 66d: 6. 2 

-2.98d= 7.6 

112 

42.34d= 6.3 

14. 12± 6. 7 

022 

25.62db 6.3 

20.66d: 6.3 

422 

36. 16d: 4. 6 

28.89d: 6.4 

114 

36.91± 3.8 

28.21d= 6.7 

024 

33.74d: 6.0 

36.18d: 6.1 

424 

40.80d; 4.6 

43.17d: 6.6 

Mean-- 

22.80± 2.0 

10.86=b 3.8 

Mean.. 

23.60± 2.3 

26.00d= 8.2 

Mean-- 

80.29d: 2.7 

26.66d: 3.4 

210 

1.01± 6.0 

6.87d: 6.8 

120 

13. Old: 3.3; 

4.17d= 8.7 

040 

1. 28d:31. 6 

1. 26d;31. 5 

211 

10.04± 3.1 

15.29=b 4.2 

121 

a6.66d= 6.7 

24.67d: 9.0 

041 

S2.20d: 6.2 

44.53d: 8.9 

212 

19.79± 6.4 

19. 9.2 

122 

34.3Qd: 6.6 

6.08± 7.7 

042 

33.02d: 6.7 

27.06d-. 6.6 

214 

26.81db 4.4 

6. 16:1: 7. 4 

124 

36.24d: 6.4| 

28.64d: 8.4 

044 

47.62d: 6.2 

60.06d: 6.3 

Mean.. 

16.1dd: 2.4 

11.68d: 3.4 

Mean.. 

27.78db2.8j 

16.84ds 4.2 

Mean.. 

28.66d:8.2{ 

30.06d: 8.6 
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Table 2 . — Comparison of the effect of nitrogen on the mean percentage increases in 
yields of edible green sweet corn and of green sweet-corn, fodder ^ and on the efficiency 
of phosphor us f basis of percentages — Conti nued 

GREEN SWEET-CORN FODDER-Contiuued 


Treat- 

ment 

Increase 
in yield 

P efficiency 
factor 

Treat- 

ment 

Increase 
in yield 

P efficiency 
factor 

Treat- 

ment 

Increase 
in yield 

P efficiency 
factor 

140 

141 

142 

144 

23. 00:1= 4. 9 
36. 40± 6. 7 
48. i5± 4. 4 
08. 30=k 8. 6 

13. 36=fc 9. 6 
33.37± 9.0 
20. 23± 0. 0 
00. m±io. 2 

240 

241 

242 

244 

38.00:1: 6.4! 
33.20± 0.0 
40. 71± 0. 7 
62.05db 6.2 

42.92d: 6.2 
38. 46± 0. 0 
40.91± 9.4 
27.39± 7.9 

440 

441 

442 

444 

26.32± 4.9 
'ii.S5± 5.9 
21. 74± 2. 0 
19.01:1: 3.6 

27.90± 6:5 
18.22.-t 7.4 
15. 48± 6. 2 
21.38d= 6.9 

Mean.. 

43. 84d= 3. 1 

31. 90=b 4. 4 

Mean-- 

4i.00± 2.9 

37.42± 3.8 

Mean-- 

26.48± 2.2 

20.74± 3.0 


The effect of nitrogen as determined by green fodder is shown in 
Table 2 and PTgure 1, C and D. The depressive effect of nitrogen 
upon phosphorus in the series 010-110-210-410 is rather marked. 
The tendency shown here is similar to that found in edible ears. 
In the two series 020-120- 220-420 and 040-140-240-440, nitrogen 
has a variable but, in some dosages, stimulating effect. 

The mean factors in Figure 1, D, are all statistically significant 
with the exception of treatment llX. (Table 2.) Again there 
appears the depressive effect of nitrogen upon the single dosage of 
phosphorus (0 1 X- 1 1 X-2 1 X-4 1 X ) . N itrogen in th e series 02X- 1 2X- 
22X--42X and 04X-14X-24X-44X has but little stimulating effect 
and a considerably depressive one in certain treatments (r2X and 
44X). 

No consideration has been given thus far to the efiiciency of 
y3hosphorus when this element is applied in increasing amounts with 
nitrogen held constant. Such comparisons are made in Figure 2 
and may be sximmarized as follows: 

01(^-020-040. 

lia-120-140. 

210-220-240. 

410-420-440. 

The letter X is simply substituted in place of the 0 potash when the 
mean factors are compared. 

On the basis of edible cars (fig. 2, A) the double phosphorus dosage 
is consistently more efficient than any other in combination of nitro- 
gen and jihosphorus. At the same time it is statistically significant 
in all cases in Figure 2, A. Phosphorus applied alone gives rather 
unexpected results inasmuch as the single dosage is the most efficient. 

A comparison of the mean factors in Figure 2, B, shows that where 
nitrogen is used the double phosphorus dosage is the most efficient 
in two cases out of three, and in the thnd, 1 2X is only slightly inferior 
to 14X. Omitting nitrogen (01X-02X-04X) gives an irregular trend, 
04X being more efficient than any other combination in the series. 

Compoiisons of the effect of the dosage of phosphorus on the 
efficiency factors for fodder are shown in Figure 2, C and D, which 
have been derived from Table 2. As in the case of edible ears, 
phosphorus applied alone has a tendency to decrease in efficiency as 
the size of the application increases. When phosphorus is com- 
bined with nitrogen, however, there is a general tendency for its 
eflSciency to increase in relation to the dosage, with the single excep- 
tion of treatment 120. 
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The mean efficiency factors show a similar trend (fig, 2, D) when 
nitrogen is present, that is, the efficiency tends to increase in relation 
to the amount apjjlied. Omitting nitrogen, as in series 0lX~02X~04X, 
fails to change this trend. 

From the preceding discussion it is apparent that under certain 
conditions in these experiments, nitrogen may have a considerable 
influence upon the efficiency of phosphorus. With a dosage of 32 
pounds P 2 O 6 per acre constant, nitrogen seems to act in general as 
a depressive agent. On the other hand, with 64 or 128 pounds 
P 2 O 6 per acre constant, there is a general tendency for nitrogen in 
treatments of 7.5 and 15 pounds per acre to increase the efficiency 
of phosphorus. Edible ears are somewhat more consistent in their 
response than is fodder, according to Figure 1, C and D. 

The efficiency of phosphorus changes considerably according to 
the amount applied. In combinations containing nitrogen but no 
potash there is a marked tendency for phosphorus to increase in 
efficiency in relation to the amount applied. This is in striking 
contrast with the effect shown by phosphorus applied alone, where 
the increased dosage gives a decreased efficiency. A comparison of 
edible ears with fodder shows that the double application of phos- 
phorus is as efficient as the quadruple application on the edible-ear 
basis, or more so, but on the fodder basis the reverse is true. 

The trends shown by the mean efficiency factors differ in some 
instances from those of the nitrogen-phosphorus combinations. In 
the former, the single dosage of nitrogen, using edible ears as a basis, 
is the most efficient, whereas in the latter heavier nitrogen applica- 
tions seem to be superior. A comparison of the trends shown by the 
two series 010--fl20-040 and 01X-02X-04X indicates that potash is 
also an important factor in influencing the efficiency of phosphorus. 
This wUl be discussed later. 

EFFECT OF FHOSPHORUS ON THE EFFICIENCY OF NITROGEN 

The data showing the effect of phosphorus on the efficiency of 
nitrogen appear in Table 3 and in Figures 3 and 4. 

Considering first the results obtained from edible ears (Table 3 and 
fig. 3, A and B) it is evident that the single dosage of phosphorus 
has a slight to depressing effect on nitrogen efficiency. The results, 
however, are not statistically significant. The double phosphorus 
dosage has a uniformly distinct and significant stimulating effect on 
nitrogen. 

A study of the results from fodder (Table 3 and fig. 3, C and D) shows 
that the single phosphorus dosage is depressive, whereas in general 
the double and quadruple dosages are stimulating. Since almost all 
the factors lack statistical significance, this can only be considered as 
a trend. 

The curves in Figure 4, A and B, show the effect of increasing 
dosages of nitrogen upon its own efficiency (edible-ear basis), phos- 
phors being held constant. The only factors in Figure 4, A, having 
statistical significance are in the series 120-220-420; in this series 
nitrogen increases somewhat in efficiency. The remaining curves of 
Figure 4, A, show that increasing the dosages of nitrogen tends to 
reduce its efficiency. 
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In Figure 4, B, the series 12X--22X-42X, in which the factors are 
statistically sigiificant, shows a somewhat variable but slightly down- 
ward trend. The remaining curves, with the exception of 10A--20X-’ 
40X, show that nitrogen has a tendency to decrease in efficiency as 
the dosage increases. 

The curves for fodder (fig. 4, C and D) are derived from Table 3. • 
In Figure 4, C, there is a good deal of variation. Thus in the series 
100-200-400 and 110-210'-410 increasing the nitrogen tends to de- 
crease its efficiency. With larger amounts of phosphorus constant, 
nitrogen shows a partially reverse tendency. The mean factors in 
Figure 4, D, are much more consistent, and nitrogen in increas- 
ing amounts seems either to have no appreciable effect upon its 



riouRE 3.— The effect of successive increraents 
of phosphorus on the efficiency of nitrogen, 
both with and without i)otash; re.sults for two 
elements shown in A and C, for three ele- 
ments in B and D, for edible ears in A and 
B, and for green fodder in C and D 



Figure 4.— The effect of successive increments 
of nitrogen on its efficiency in nitrogen- 
phosphorus combinations, lioth with and 
without jiotash; results for two elements 
shown in A and 0, for three elements in B 
and D, for edible ears in A and B, and for 
green fodder in C and D 


efficiency, or a depressive one. These results are to be regarded only 
as tendencies, however, since but one of the efficiency factors is 
statistically si^ificant. 

The discussion of the effect of phosphorus on nitrogen efficiency 
emphasizes the importance of the double dosage of phosphorus in the 
production of edible ears, inasmuch as it increases the efficiency of 
nitrogen to a significant degree. On the other hand, applications of 
32 pounds P 2 O 5 per acre have a depressive effect as compared with no 
phosphorus. The results from fodder agree with the foregoing to the 
extent of confirming the depressive tendency of the single phosphorus 
dosage, but the quadruple phosphorus dosage is in general more 
efficient than the double one. 
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The curves which interpret the effect of the dosage of nitrogen upon 
its efficiency show that in most instances, except those notcJd above, 
the single dosage is as efficient as the heavier applications, or more so. 
Thus, the analysis brings out two points of importance, namely, that 
the single dosage of nitrogen and the double dosage of phosphorus 
appear to be the most efficient, the latter from the standpoint of 
producing edible ears. 

Table 3. — Comparison of the effect of phosphorus on the mean percentaae increases 
in yields of edible green sweet corn and of sweet-corn fodder, and on the efficiency 
of nitrogen, basis of percentages 

EDIBLE GREEN SWEET CORN 


Treat- 

ment 

Increase in 
yield 

N efficiency 
factor 

Treat- 

ment 

Increa^ in 
yield 

N efficiency 
factor 

Treat- 

ment 

IncTOase in 
yield 

N efficiency 
factor 

100... _ 

6. 61 ±6.0 

6. 61± 6. 0 

200--.- 

-2. 91±2. 2 

-2.91± 2.2 

400.... 

-4.85±2.6 

-4.85± 8.1 

101 

-12.41±6,6 

-3.43± 7.0 

201.... 

-7.17±1.8 

1.81± 3.2 

401.... 

17.38±3.3 

26.36± 4.3 

102.... 

1. 89±4. 7 

. 26± 4. 9 

202.. 

-2.91±4.8 

~4.64± 5.0 

402-.- 

--3.01±4. 3 

-4.64± 4.6 

104... . 

-4. 70±3. 9 

-8.28± 5.0 

204.... 

5.32±5.9 

1.74± 6.7 

404.-.. 

-2.24±3.7 

--5.82± 4.9 

Moan . 

-2.43±2.6 

-1.48± 2.8 

Mean . 

--1.92±2.0 

-.98± 2.3 

Mean. 

1.82±1.8 

2. 76± 2. 8 

no.... 

12.62±2.7 

-10.01± 5.6 

210.-.. 

4.96±6.5 

-17.67± 7.3 

410.... 

14.81±4.9 

-7.82± 6.8 

111.... 

9.07±3.6 

-4.84± 5.3 

211-.. 

14.46±5.0 

.54± 6.4 

411.... 

16.06±6,1 

2. 15± 6. 5 

112.... 

34.73±5.3 

16. 74± 7. 3 

212.... 

31.95±6.3 

13.96± 8.0 

412-.- 

12. 14±3. 3 

~5.86± 6.0 

114..,. 

38. 54±5. 1 

10.92± 7.4 

214.... 

25. 10±5. 2 

-2. 52± 7. 5 

414-.-. 

30.12±7.0 

2. 60± 8. 8 

Mean, 

23. 74±2. 1 

3.20± 3.2 

Mean . 

]9.12±2.8 

~1.42± 3.7 

Moan. 

18. 28±2.6 

-2.26± 3.6 

120.... 

28. 93±3. 9 

18.91±4.7 

220.... 

31.50±4.8 

21.48± 5.5 

420.... 

38.98±4.4 


121.... 

34. 47±4. 7 

15.72± 6.4 

221.... 

31.92±5.2 

13. 17± 6. 5 

421-.. 

22.36±7.0 

3.60± 8.2 

122.... 

44.47±8.t 

25. 95± 9. 3 

222.... 

29.93±5.2 

11.41± 0.9 

422-.. 

32.04±3.2 

13.52± 5.0 

124.... 

31. 11 ±5. 3 

9.76± 6.3 

224.... 

16.60±5.9 

-4.86± 6.8 

424.... 

35. 53±2. 5 

14. 17± 4. 2 

Mean . 

34.74±2.9 

17.58± 3.4 

Mean. 

27,46±2.6 

]0.30±3.2 

Mean . 

32.22±2.3 

16.06± 3.0 

140.... 

30. 12±6. 1 

10.67± 7.3 

240.... 

29. 16±4. 1 

9.7I±^6!^7 

440.... 

15.73±4.0 

-3. 72± 5. 6 

141-... 

32. 76±6. 3 

~4.66± 7.9 

241.... 

26.20±4.8 

-11.2l± 6.8 

441.... 

24.94±2.7 

-12.47± 5.5 

142.... 

40. 11±5. 8 

2.83± 7.3 

242 

26.66±7.3 

-•11.62± 8.6 

442... 

13. 13±3. 1 

-24. 16± 5. 6 

144.... 

.65. 68±7. 7 

12.08±10.1 

244.... 

27. 27±3. 1 

-16.23± 7.2 

444.... 

5.89±3.1 

-37.61± 7.2 

Mean . 

39. 64±3. 3 

6. 23± 4. 1 

Mean . 

27.07±2.5 

-7.34± 3.6 

Mean . 

14.92±1.6 

-19.49± 3.0 


SWEET CORN FODDER 


100.... 

101-.- 

102.... 

104--- 

9. 74±8. 1 
2.09±7.0 
28. 22±4. 1 
7. 70±5. 6 

9. 74± 8. 1 
14.33±10.0 
23.1d± 5.3 
10. 14± 6. 5 

200-.- 

201— 

202.— 

204-.-. 

-4.86±3.0 

--5.2.5±2.8 

~.20±6.6 

24.66±6.0 

-4.86± 3.0 
6.99± 2.9 
-6.27± 7.4 
27.10± 6.9 

400-,.- 

401.. .. 
402---. 

404.. .. 

-1. 58±2. 6 
16.63±4.4 
6. 26±4. 5 
-■2.37±4.7 

~1. 58± 2. 6 
28.87± 4.4 
J.19± 5.6 
.07± 5.9 

Moan, 

11.94±3.2 

14.34± 3.8 

Mean. 

3.69±2.4 

6.99± 2.7 

Mean . 

4. 74±2. 1 

7. 14± 2. 4 

110..- 

111 

112 

114.— 

14.71±3.6 
~1.77±3.0 
42.34±6. 3 
35.91±3.8 

-.93± 6.4 
-12.74± 4,8 
28.76± 6.9 
-3.46± 6.3 

210-.. 

211.— 

212.— 

214.— 

1.0I±5.0 

10.04±3.1 

19.79±6.4 

29.81±4.4 

-14.63± 6.4 
-.93± 4.9 
6.2I± 7.8 
-9. 66± 6. 7 

410 

411.. -- 

412.. .. 

414.. -. 

-1.65±7.8 
18.05±4.2 
19. 46±5.1 
29.89±6.0 

-17. 19± 8.8 
7.08± 6.7 
6.87± 6.7 
-9.47± 7.8 

Mean. 

22.80±2.0| 

2.91± 3.0 

Mean. 

15.16±2.4 

-4.72± 3.3 

Mean . 

16.46±3.0 

-3. 43± 3. 7 

120.... 

121--- 

122-.- 

124-.- 

13.91±3.3 

26.66±5.7 

34.30±d.5 

36.24±6.4 

2.46± 6.3 
3.48± 7.0 
8.68± 8.4 
2.60± 8.1 

220.... 

221-.- 

222.... 

224.... 

7.74±4.6 
27. 78±4.8 
38.69±4.7 
42.88±6.4 

-3. 72± 6. 2 
4.60± 6.3 
13.07± 7.1 

9. 14± 7. 4 

420.. .. 

421.. .. 

422.. .. 
424--.. 

31,56±6.1 
13.66±6.2 
36. 16±4. 6 
40.80±4.6 

20.10± 7.4 
-9.63± 7.4 
9.63± 7.0 
7.06± 6.8 

Mean. 

27.78±2.8 

4.28± 8.6 

Mean. 

29.27±2.4 

6.77± 3.4 

Mean . 

30.29±2.7 

6.79±8.6 

140--- 
141.... 
142. -- 
144.—. 

23.09±4.9 

86.46±5.7 

48.45±4.4 

68.36±8.6 

21.83±31.9 
3.17± 7.7 
15.43± 7.2 
20.74±10.0 

240.. .. 

241.. .. 
242.— 

244.. .. 

38.06±6.4 

33.20±6.0 

40.71±6,7 

52.06±6.2 

36.80±32.0 
.91± 7.9 
7.69± 8.8 
4.43± 7.4 

440.. . 

441.. .. 
442-.. 
444-., 

26.32±4.9 

34.86±6.9 

21.74±2.6 

19.01±3.6 

26.05±31.9 
2.66± 7.9 
-U.28± 6.3 
-28.61± 6.3 

Mean 

43.84±3.1 

15.29± 8.8 

Mean. 

41.00±2.9 

12.46.± 8.7 

Meai). 

26.483b2.2 

-3.07± 8.6 
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EFFECT OF NITROGEN ON THE EFFICIENCY OF POTASH 

The effect of nitrogen on the efficiency of potash is shown in Table 
4 and Figures 5 and 6. 





Fuji’kf. r».— Thecllecf of successive iiuTenients of 
tutroj?©rj on the efllcicncy of potash, f»oth with 
aiul without f)hosi)horus; results for two ele- 
ments shown in A and C, for three elements 
in H an<l I), for edible ears in A and B, and 
for green fodder in ( ■ an<l D 





FKtt'KE 6. --The elfocl of successive increments of 
lotash on its elhciency in nitn)gen-potash com- 
unations, both with and without phosphorus; 
results for tw'o elements shown in A and C, for 
three elements in B and 1), for edible ears in A 
and B, and for green fodder in C and 1) 


Tahle^ 4. — (.\)mj)ar'ison of the effect of nitrogeyi on the mean 'percentage mcreaffes 
in yields of edible green sweet corn and of sweet-corn fodder, and on the efficiency 
of potash, basis of percentages 

EDIBLE QKEEN SWEET CORN 


lYeat- 

Inr.Tease in 

K efficiency 

Treat- 

Increase in 

K efficiency 

Treat- 

lncrea.se in 

K efficiency 

merit 

yield 

factor 

ment 

yield 

factor 

ment 

yield 

factor 

001 , . . . 

-H. 98±2.7 

-8. 9S±2.7 

002... 

1.0.3±1.6 

1.63±1.6 

004 

3. 58±3. 2 

3. 68±3. 2 

on-.__ 

13. 91 ±4.0 

-8. 72±0 2 

012 

17. 99±6 0 

-4. 04±6. 9 

014,.., 

27. 62±6. 4 

4.99±7.2 

021 - , . , 

18. 75±4 3 

8.73±6 1 

022.. - 

18. 52±4 6 

8. 60±5. 3 

024 .. 

21.30±3 4 

1 1. 34±4. 3 

041. .. 

37. 41 ±4. 8 

17. 9«±6. 2 

042 . .. 

37.28±4 5 

17.83±6. 0 

M4... 

43. 60±6 5 

24. 06±7. 6 

Mean . 

16 27±2.0 

2. 25±2 6 

Mean . 

18 80±2 1 

6. 83±2. 7 

Mean. 

24 02±2. 4 

10.99±2 9 

101 ...I 

-12 41±0 6 

-17. 92±8.2 

102 . - 

1. 89±4. 7 

-3 62±0 9 

104... 

-4. 70±3. 9 

-10 21±6 3 

111 I 

9 07±3. 6 

-3.55±4.4 

112 . . 

34. 73±5. 3 

22. n±6 9 

114. . 

38.64±6. 1 

25. 92±5 8 

121 

34. 47±4. 7i 

6. 54±6. 1 

122... 

44 47±8 1 

16. 64±9. 0 

124... 

31.11±6.3 

2. 18±6 6 

141 ... 

32 76±fl 3 

2. 04±8. 8 

142 

40. 11 ±5. 8 

9. 99±8. 4 

144 . . 

5.6. 5S±7. 7 

26. 40±9. 8 

Mean 

16 97±2 7 

-3. 32±3 6 

Mean. 

30 30±3 0 

ll.00±3.8 

Mean , 

30. 13±2 8 

10 8I±3.6 

201... , 

-7. 17±1,8 

-4. 20±2. 8 

202- .. 

-2.91±4.8 

0 

204.... 

5. 32±6. 9 

8. 23±6. 3 

211 

14. 45±5.0 

9. 49±7. 4 

212...- 

1 3l.96±6 3 

20 99±8. 4 

214. .. 

26. 10±5. 2 

20. 14±7.0 

221 

31.92±6.2 

.42±7. 1 

222 

29.93±5 2 

-1.57±7.l 

224 ... 

10.60±6.9 

-15. 00±7.0 

241,... 

20. 20±4. 8 

-2.96±6 3 

242.-.- 

25.06±7.3 

-3. 60±8. 4 

244 

27. 27±3. 1 

-1.89±5. 1 

Mean. 

10. 36±2. 2 

. 67±3. 1 

Mean . 

21.16±3.0 

6. 48±3. 5 

Mean. 

18.66±2.0 

2. 87±3. 4 

401 

17. 38±3. 3 

22. 23±4. 2 

402 .... 

-3.01±4.3 

1.84±6 0 

404 . 

-2. 24±3, 7 

2. 01 ±4. 5 

411 

10. 00±5. 1 

1. 26±7. 1 

412.,.. 

12.14±3.3 

-2. 07±5. 9 

414. . 

30. 12±7.0 

15. 31 ±8.5 

421 

22 35±7. 0 

-16. 68±8.3 

422 .. 

32.04±3.2 

-6. 94±6 4 

424... 

35. 63±2 6 

-3. 45±5. 1 

441 

24. 94±2. 7 

9. 21±4.8 

442-.., 

13. 13±3. 1 

-2. 60±5. 1 

444. .., 

6. 89±3. 1 

-9. 84±5. 1 

Mean, 

20. 18±2. 4 

4.04db3.2 

Mean. 

13. 58±1.8 

-2.59±2.7 

Mean . 

17.32±2.2 

1 

1. 16±3. 0 
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Table 4. — Com'^ariaon of the ejfect of nitrogen on the mean percentaae increases 
in yields of edible green sweet com and of sweet-corn fodder y and on the efficiency 
of potash, basis of percentages — Continued 

GREEN SWEET-CORN FODDER 


Treat- 

ment 

Increase in K efficiency 
yield factor 

Treat- 

ment 

Increase in 
yield 

K efficiency 
factor 

1 

Treat- 

ment 

Increase in 
yield 

E efficiency 
factor 

001. ..J 

-12.24db7.2-12.24db 7.2 

002.... 

6.07dr3.4| 

5.07d: 3.4 

004. ... 

-2. 44±3. 6 

-2. 44d: 3. 6 

Oil.... 

10,97±3.8 -4.67± 5.6 

012 

13.58:1:4.4 

-2.06± 5.9 

014.... 

39.36±6.0 

23.72± 6.4 

021.... 

23.18±4.0 11.72±6.7 

022.... 

26.62±5.3i 

14.16d= 0.8 

024.... 

33.74±5.0 

22. 7S± 6. 6 

041. ... 

32.29db6.2 31.03:i:31.9 

042.... 

33.02±6. 7 

31. 76:k32. 0 

044.... 

47.62±6.2 

46.36^:31.9 

Mean. 

I3.66db2.6 6.4eB;&4 

Mean. 

19.32:1:2.4: 

12.23:1: 8.4 

Mean. 

29. 67±2. 4 

22.48:b 8.3 

101-..- 

2.09±7.0 -7.65=bl0.7 

102.... 

28. 22:1:4. 1 

18. 48:1:9. 1 

104 

7. 70±6. 6 

-2.04d=9.8 

111.... 

--1.77±3.0-16.48± 4.7 

112...- 

42.34d=5.3 

27.63:b6.3 

114.... 

36.91:1:3.8 

21. 20±6. 2 

121.... 

26.66±6,7 12.76±6.6 

122.... 

34.30:1:6.6 

20.39db7.3 

124. ... 

36. 24±6. 4 

22. 33d:7. 2 

141.... 

36.46±6.7 12.37db7.6 

142.... 

48.45±4.4 

25.36:b6.6 

144 

68.36^8.6 

46.27±9.9 

Mean. 

15.61±2.8 .26±3.8 

Mean. 

38.33:t2.6 

22.96±8.7 

Mean. 

37.06d=3. 2 

21.09^:4.1 


1.. .- -6.26±2.8 -,39±4.1 202. ... -.20±6.6 4.66±7.2 204.... 24.66=fc6.0 29.62±6.7 

1.. - 10.04=b3.1 0.03db6.9 212.... 19.79±6.4 18.78±8.1 214.... 29.81d=4.4 28.80±8.7 

I . - . . 27. 78db4. 8 20. 04±6. 6 222. . . . 38. 69±4. 7 30. 95±6. 6 224. . . . 42. 88±6. 4 36. 1 4db7. 1 

1.. ... 33.20d:6.0 -4.86±8.1 242 40.71±6.7 2.65=fc8.6 244.... 52.05±5.2 13.99db7.5 

isan. 16.44=b2.2 6.00±3.2 Mean. 24.75:1:3.1 14.26dr3.8 Mean. 37.35±2.6 26.86d:3.5 

401.. .. 16.63±4.4 18. 21db5. 1 402.... 6.26=b4.6 7.84±6.2 404.... ~2.37±4.7 -.7«±6.4 

41 J-... 18.06=fc4.2 19.0O±8.9 412. ... 19.45d:5.1 21.00±9.3 414.... 29.89dbfi.0 31.44±9.8 

421.. .. 18.66±6.2 --17.91=fc8.7 422.... 36.16db4.6 3.69d:7.6 424.,.. 40.80±4.6 9.24±7.« 

441 ... 34.86±5.9 8.63db7.7 442... . 21.74i2.6 ~4.58±5.5 444 ... 19.01±3.5 -7.31d=6.0 

Mean- 20.80d:2.6 7.11db3.9 Mean. 20.65±2.1 6.96db3.6 Mean. 21.83±2.4 8. 14±3.7 


The striking feature about the curves in Figures 5 and 6 is the per- 
sistent recurrence of three ratios of nitrogen and potash, 2:4, 1:2, 
and 4:1. Expressing the ratios in terms of N and K 2 O per acre 
they would be 15-0-100, 7.5-0-50, and 30-0-25. The first two ratios, 
15-0-100 and 7.5-0-50, merely differ as to quantity. 

In nitrogen-potash mixtures where phosphorus is omitted, the 
efficiency of potash increases in relation to successive increments 
of nitrogen in but a single series, namely, 001-101-201-401, as shown 
in Figure 5, A, for edible ears and in Figure 5, C, for fodder. In this 
series, potash is constant with a single dosage. The mean factors 
which include phosphorus, when compared in the equivalent series, 
0X1-1X1-2X1-4X1, show that 4Xl is the mode (fig. 5, B and D) 
for both ears and fodder, but the efficiency factors are both very small 
and not statistically significant. In the remaining curves of Figure 5, 
A and C, treatments 102 or 204 are the modes where there are any. 
Adding phosphorus as in Figure 5, B and D, does not change the modes 
except in one series, 0X4-1 X4-2X4-4X4, where 0X4 is the highest 
treatment. 

Most of the efficiency factors considered in Figure 5 lack statistical 
significance. However, the curves are consistent in their trends to an 
appreciable degree. 

Considering next the effect of increasing amounts of potash upon its 
own efficiency, nitrogen being held constant, the curves in Figure 6, 
A and C, where phosphorus is omitted, show that the efficiency of 
potash increases when the double dosage of nitrogen is held constant 
and decreases when the quadruple nitrogen dosage is held constant. 
Treatments 102, 204, or 401 are the modes of the six curves, although 
but three of these, according to Table 4 are significant. 
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Where phosphorus is included (fig. 6, B and D) potash efficiency 
increases just about as rapidly in relation to added increments without 
nitrogen as with this element included. As a matter of act, in the 
case of edible ears the series 1X1-1X2-1X4 is the only one with 
nitrogen present that actually shows an increase higher than that 
where nitrogen is omitted. Fodder, on the other hand, gives in- 
creases in two series containing nitrogen, namely, iXl -1X2-1 X4 and 
2X1-2X2-2X4. 

Since the efficiency of potash is influenced to a considerable extent 
by nitrogen, it appears possible to draw certain general conclusions, 
with the reservation in mind, of course, that a considerable portion of 
the data have large probable errors. Figures 5 and 6 show the following : 

With the single dosage of potash constant, the efficiency of potash 
tends to increase in relation to successive increments of nitrogen in 
mixtures containing no phosphorus (001-101-201-401). 

With the double dosage of potash constant there is a considerable 
tendency for treatment 102 to be dominant where no phosphorus is 
used and 1X2 where phosphorus is included. 

With the quadruple dosage of potash constant there is a tendency 
in the case of fodder for treatment 204 to give the maximum efficiency 
in mixtures omitting phosphorus and 2X4 where it is included. 

Where successive increments of potash are added alone, tliere is a 
very slight tendency for the efficiency to increase in relation to the 
dosage, but this is confined to edible ears alone and the factors are not 
statistically significant. 

In nitrogen-potash mixtures, treatments 102, 204, and 401 are 
dominant in general where the single, double, and quadniple dosages of 
nitrogen are held constant and potash increases. The probable 
errors in some instances are very large, however. 

Increasing potash in phosphorus-potash mixtures likewise increases 
the efficiency of potash. 

Increasing potash where phosphorus is included and nitrogen held 
constant shows that treatments 1X2, 2X4, and 4Xl are, with certain 
(pialifications, dominant. 

EFFECT OF POTASH ON THE EFFICIENCY OF NITROGEN 

The discussion of the action of potash upon the efficient of nitro- 
gen is based on the data in Table 5 and Figures 7 and 8. The curves 
in Figure 7, A and C, and Figure 8, A and C, show that in IS^-K 
mixtures omitting P, treatments 102, 204, and 401 arc dominant. 
All three are statistically significant on the fodder basis, only 401 on 
the ear basis. In Figure 7, B and D, and Figure 8, B and D, the modes 
for the mean factors show that 1X2, 2X4, and 4Xl are dominant on 
the fodder basis, but 1X2 is the only significant treatment. On the 
ear basis the factors are small and the probable errors large, so that 
no use can be made of the data. 

If the N-K mixtures are arranged so that N increases and K 
remains constant as in Figure 8, A and C, then 102, 204 and 401 are 
a^in dominant. With respect to the mean factors, 4X1, 1X2, and 
1X4 are the dominant treatments on the fodder basis, according to 
Figure 8, D. 

In determining the effect of nitrogen upon the efficiency of potash, 
and reciprocally the eflfect of potash upon the efficiency of nitrogen, 
147604-32 4 
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the constant recurrence of similar N~K ratios as modes in the curves 
is rather marked. The maximum efficiency of both nitrogen and 
potash seems to be attained in certain fairly well defined ratios; and 
while there is some variation in these tendencies, it will be observed 
that at the same time there are scarcely ever any substitutions for 
the 1 : 2, 2 : 4, and 4 : 1 ratios of N and K. In view of this behavior the 
following conclusions may be drawn: (1) Where small dosages of 
nitrogen such as 7.5 pounds per acre are used, the highest efficiency 
is attained in combination with a large dosage of potash such as 50 
pounds K 2 O per acre; (2) a doubled dosage of nitrogen (15 pounds 
per acre) apparently requires for the maximum efficiency double the 
amount of potash, that is, 100 pounds K 2 O per acre; and (3) quad- 
rupled dosages of nitrogen (30 pounds per acre), are almost always 



Fiourk 7.— The effect of successive increments 
of potash on the efficiency of nitrogen, both 
with and without phosphorus; results for two 
elements shown in A and C, for three elements 
in B and D, for edible ears in A and B, and 
for green fodder in C and D 



/ 


Figurk 8.— The effect of successive increments 
of nitrogen on its efficiency In nitrogen-potash 
combinations, both with and without phos- 
phorus; results for two elements shown in A and 
C, for three elements in B and D, for edible ears 
in A and B, and for green fodder in C and 1) 


associated with the smallest potash dosage, that is, 25 pounds K 2 O 
per acre. 

The rather unusual feature is that potash affects nitrogen efficiency 
in practically the same manner as nitrogen affects potash efficiency. 
On this evidence alone, without supporting chemical data, one would 
assume that nitrogen can be used to replace potash, or that potash can 
be used to replace nitrogen. 

This raises one of the most complex questions encountered in soils 
investigations — the question of the relations existing between nitrogen 
and potash and the determination of the optimum ratios between 
them. The trends shown hj the curves in Figures 5, 6, 7, and 8 
raise several interesting points ei^ential to the successful solution 
of the problem. Briefly, the data in Figures 5 to 8 may be stated as 
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follows: (1) The 30-0-25 or 401 ratio is considerably higher in 
efficiency than are the 7.5-0-50 and the 15-0-100 (102 and 204) 
ratios on the basis of edible ears and tends to be equally efficient on 
the basis of green fodder; and (2) when phosphorus is included, the 
mean factors show that the 7.5-X-50 (1X2) ratio is usually con- 
siderably better than either the 15-X-lOO (2X4) or the 30-X-25 
(4X1) ratio as based on both edible ears and fodder. 

Table 6 . — Comparison of the effect of potash on the mean percentage increases in 
yields of edible green sweet corn arui of sweet-corn fodder ^ and on the efficiency of 
nitrogen, basis of percentages 

EDIBLE GREEN SWEET CORN 


Treat- 

Increase in 

N eflficiency 

Treat- 

Increase in 

N efficiency 

Treat- 

Increase in 

N efficiency 

inent 

yield 

factor 

ment 

yield 

factor 

ment 

yield 

factor 

100.,.. 

6.51=b6.0 

5. 51 ±5.0 

200--., 

-2.91±2.2 

— 2.91± 2.2 

400-.,. 

-4.85±2.6 

-4.85± 2.6 

no.— 

12. 62=b2. 7 

-10. 01 ±5. 5 

210- — 

4.96±5.5 

-17.67± 7.3 

410--.. 

14. 81±4. 9 

-7.82± 6.8 

120.— 

28.93d=3.0 

18.91±4.7 

220.-,, 

31.60±4.8 

21.48± 5.5 

420.... 

38. 98±4. 4 

28.96± 5.2 

140- — 

30. 12=fc6. 1 

10. 67±7. 3 

240--.. 

29. 16±4. 1 

9. 71± 6. 7 

440- — 

15. 73±4. 0 

-3.72± 5.6 

Mean. 

10.30d=2.3 

6. 27± 2. 8 

Mean. 

15.68±2.2 

2. 65±2. 7 

Mean. 

16. 17±2. 0 

3.14± 2.6 

101. „ 

-12.41db6.6 

-3. 4;i± 7. 0 

201.— 

-7. 17±1. 8 

1.8l± 3.2 

401 

17.38±3.3 

26.36± 4.3 

111. ... 

9. 07ib3. 5 

-4. 84± 5. 3 

211.— 

14. 45±5. 0 

.54± 6.4 1 

411--. 

]6.06±5.1 

2. 15± 6. 5 

121-.-. 

34. 47±4.7 

15. 72± 6. 4 

221- — 

31.92±5.2 

13. 17± 6. 7 

421-... 

22. 35±7. 0 

3.60± 8.2 

141-.-, 

32. 70:i;6. 3 

-4. 66± 7. 9 

241.... 

26. 20±4. 8 

~n. 21 ± 6.8 

441.-.. 

24. 94±2. 7 

-12. 47± 5. 5 

Mean . 

15. 97±2. 7 

. 70± 3. 4 

Mean. 

16. 35±2. 2 

l.08± 3.0 

Mean. 

20. 18±2. 4 

4.91± 3.2 

102 

1.89i:4.7 

.26± 4.9 

202-... 

-2.91±4.8 

~4.54± 5.0 

402-..- 

-3.01±4.3 

-4. 64± 4. 6 

112 

34. 73d:6, 3 

16. 74± 7. 3 

212-.- 

31. 95±6. 3 

13.96± 8.0 

412--.. 

12. 14±3. 3 

-5.85± 6.0 

122 ... 

44. 47±8. 1 

25. 95± 9. 8 

222--.. 

29. 93±5. 2 

n.41± 6.9 

422-... 

32. 04±3. 2 

13.52± 5.6 

142--., 

40. lli:5. 8 

2. 83± 7. 3 

242.... 

25. 66±7.3 

-n. 62 ± 8.6 

442.... 

13. 13±3. 1 

-24. 15±5. 5 

Mean . 

30. 30±3. 1 

n.44± 3.7 

Mean. 

2I.16±3.0 

2. 30± 3. 6 

Mean. 

13. 58±1. 8 

5.28± 2.7 

104. ... 

~4.70±3.9 

-8. 28± 5. 0 

204 .„ 

5. 32±5. 9 

1. 74± 6. 7 

404. -- 

-2. 24±3. 7 

-5.82± 4.9 

114..., 

38.54db5.1 

10.92± 7.4 

214- — 

25. 10±5. 2 

-2. 52± 7. 5 

414..-. 

30. 12±7. 0 

2.50± 8.8 

124..., 

31.n±5,3 

9. 75± 6 3 

224--- 

16. 50±5. 9 

-4.86± 6.8 

424-- . 

35. 63±2. 5 

14. 17± 4. 2 

144.... 

55. 58±7. 7 

12.08±10. 1 

244.. . 

27. 27±3. 1 

-16. 23±7. 2 

444--,- 

5. 89±3. 1 

-37.61± 7.2 

Mean . 

30. 13d:2. 8 

6. 12±3.7 

Mean . 

18, 55±2. 6 

-6. 47± 3. 5 

Mean - 

I7.32±2.2 

-6. 69± 3. 3 



GREEN 1 

SWEET-CORN FODDER 



Treat- 

Increase in 

N efficiency 

Treat- 

lncre»» in 

N efficiency 

Treat- 

Increase in 

N efficiency 

ment 

yield 

factor 

ment 

yield 

factor 

ment 

yield 

factor 

100.... 

9.74=t8.1 

9. 74± 8. 1 

200--- 

-4.86±3.0 

-4. 86± 3. 0 

400-.-. 

-1. 58±2.6 

-1.58± 2.6 

no — 

14-71±3.0 

-.93± 6.4 

210,... 

1.01±5,0 

-14.63± 6.4 

410-..- 

-1.56±7.8 

-17. 19± 8.8 

120-.-- 

13. 91 ±3. 3 

2.45± 6.3 

220--- 

7.74±4.6 

-3. 72± 6. 2 

420 ... 

31. 56±6. 1 

20. 10± 7. 4 

140--.- 

23.09=h4.9 

21.83±31.0 

240-.- 

38. 06±5. 4 

36. 80±32. 0 

440 

26. 32±4. 9 

25. 06±31. 9 

Mean . 

15.36±2.7 

8. 27± 8. 4 

Mean, 

10.49±2.3 

3. 40± 8. 3 

Mean. 

13.69±2.8 

6. 60± 8. 5 

101-.- 

2.09±7.0 

14.33±10.0 

201..., 

-5.26±2.8 

6.99± 2.9 

401-... 

16.63±4.4 

28. 87± 4. 4 

111 

-1.77±3.0 

-12.74± 4.8 

211.... 

10.04±3.1 

-.93± 4.9 

411.-- 

18.05±4.2 

7.08± 5.7 

121..-- 

26. m±5. 7 

3.48± 7.0 

221- — 

27.78±4.8 

4. 60± 6. 3 

421. -- 

13. 65±6. 2 

-9. 53± 7. 4 

141.... 

35. 46db5. 7 

3. 17± 7. 7 

241--. 

33.20±6.0 

. 91± 7. 9 

441.... 

34. 85±5. 9 

2.56± 7.9 

Mean, 

15.61^:2.8 

2.06±3.8 

Mean. 

16. 44±2. 2 

2.89± 2.9 

Mean. 

20. 80±2.6 

7. 25± 3. 2 

102,... 

28. 22dr4. 1 

23.15± 5.3 

202. - . . 

-.20±6.fl 

-5.27± 7.4 

402-..- 

6. 26±4. 5 

1. 19± 5. 6 

112.... 

42.34:1:6.3 

28.76± 6.9 

212. ... 

19.79±6.4 

6.21± 7.8 

412-... 

19. 45±5. 1 

5. 87± 6. 7 

122.... 

34.30d:6.5 

8.68± 8.4 

222.... 

38.69±4.7 

13.07± 7.1 

422.— 

35. 15±4. 5 

9.53± 7. 0 

142..,. 

48.46db4.4 

15.43± 7.2 

342..., 

40.71±6.7 

7.69± 8.8 

442...- 

21. 74±2. 6 

-11.28± 6.3 

Mean. 

38.33:1:2.6 

19.00± 3.5 

Mean. 

24.75±3.1 

5.42± 3.9 

Mean. 

20.65±2.1 

1.33± 3.2 

104.... 

7.70d=6.6 

L0.14± 6.6 

204,... 

24. ^6.0 

27.10± 6.9 

404.... 

~2.37±4,7 

.07± 5.9 

114.... 

36.91d:3.8 

-3. 45± 6. 3 

214-..- 

29.8I±4.4 

-9. 66± 6. 7 

414--. 

29.80±6.0 

-9.47± 7.8 

124.... 

36.34d:6.4 

2.50± 8.1 

224- — 

42.86±5.4 

9. 14± 7. 4 

424.— 

40.80±4.6 

7.06± 6.8 

144..., 

68.36:b8.6 

90.74±10.0 

244--. 

62.05±5.2 

4.43± 7.4 

444...- 

19.01±8.5 

-28.51± 6.3 

Mean. 

37.06:b3.1l 

7.48± 3.0 

Mean. 

87.35±2.(l 

7.78± 3.6 

Mean. 

2L83±2.4 

-7.74± 3.4 
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From these results it appears that on soils of the type used here 
the fact that a ratio of nitrogen and potash such as the 30-0-25 gives 
the highest efficiency, might indicate that phosphorus is still to some 
extent a limiting factor. When the phosphorus requirement is 
satisfied, there should be a tendency toward greater efficiency in the 
direction of higher potassium and lower nitrogen. 


THE EFFECT OF POTASH ON THE EFFICIENCY OF PHOSPHORUS 

The effect of potash on the efficiency of phosphorus is given in 
Table 6, and Figures 9 and 10. 



Fkjure 9. — The effect of sticoeHsive increments 
of potUvSh on the efficiency of phosphorus, both 
with an<i without nitrogen; results for two ele- 
ments showm in A and (% for three element 
in B and D, for edible ears in A and B, and for 
green fodder in C and D 



Fioure 10.~The effect of successive increments 
of phosphorus on its efficiency in phosphorus- 
potash combinations, both with and witlunit 
nitrogen; results for two elements shown in A 
and O, for three elements in B and D, for edible 
ears in A and B, and for green fodder in C and U 


The curves in Figure 9, A, show that on the basis of edible ears, the 
efficiency of phosphorus does not tend to increase beyond the single 
dosage of potash. In one series, namely 010-01 1-~012---014, potash 
seems to have but a very slight effect. 

A somewhat different relationship is shown by the mean factors, 
where nitrogen is included, in Table 6 and Figui’e 9, B. The modes 
of the three curves are treatments Xl4, X22, and X41. In Figure 
9, B, the curve for the series X40-X41-X42-X44 appears to be 
bimodal, treatment X44 being virtually the same as X41. The 
comparison of these four modes, namely, X14, X22, X41, and X44, 
indicates that although the treatments differ radically, the phosphorus 
efficiency factors are virtually the same. 

In Figure 10, A and B, the effect of increasing dosages of phosphorus 
uDon the efficiency of this element is shown on the basis of edible ears, 
y^ere nitrogen is omitted (fig. 10, A), phosphorus increases in effi- 
ciency in relation to the dosage, but not where it is used alone. 
Where nitrogen is included in Figure 10, B, the mean factors show 
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that treatments X20, X41, X22, X44, and Xl4 are the modes. In 
other words, the most efficient dosages are in one instance, low phos- 
phorus; in two instances, double phosphorus; and in two, quadruple 
phosphorus, assuming curve X14-X24-X44 to be bimodal. From 
the data in Table 6 it appears that the differences between the 
efBciency factors for these treatments are very slight indeed. 

Table 6 . — Comparison of the effect of potash on the mean percentage increases in 
yields of edible green sweet corn and of sweet-corn fodder, and on the efficiency of 
phosphorus, basis of percentages 

KDIBLE GREEN SWEET CORN 


'I'reat- 

Increase 

P elUciency 

Treat- 

Increase 

P efficiency 

Treat- 

Increase 

P efficiency 

inont 

in yield 

factor 

ment 

in yield 

factor 

ment 

in yield 

factor 

010 

22. 63±4. 8 

22.63=b4.8 

020... 

I0.02=t2.7 

10.02dt2.7 

040 

19.45±4.0 

19.45^4.0 

no 

12. 62db2. 7 

7.1ldt:5.7 

120 

28.93±3.9 

• 23.42i:6.3 

140 

30.12±6.1 

1 24. 61 ±7. 9 

210 

4. 96±5. 5 

7, 87=fc6. 9 

220 

31.50±4.8 

34.41=b5.3 

240 

29. 16d:4. 1 

! 32.07d=4.6 

410 

14.81±4.9 

19.66rb6.5 

420 

38.98±4.4 

43.83:1:5.1 

440 

15.73d:4.0 

20.58:1:4.8 

Mean .. 

13. 76dc2. 3 

14. 32db2. 7 

Mean 

27.36±2.0 

27.92±2.5 

Mean. . 

23.62:i:2.3 

24.18^:2.8 

Oil 

13.91=b4.0 

22. 89±4. 8 

021 

18. 75±4. 3 

27. 73dt5. 1 

041 

37.41±4.8 

46. 39±5. 5 

Ill 

9. 07±3. 5 

21. 48=t:7. 4 

121 

34.47db4.7 

46. 88db6. 8 

141 

32.76±6.3 

46. 17±9. 0 

211 

14. 45i:S. 0* 

21.02±5.3 

221. .. 

3l.92±5.2 

39.09±5.5 

241 

26.20±4.8 

33.37±5.1 

411 

10.06:kl). 1 

~l.32±«.l 

421 . . 

22.35±7.0 

4.97±7.7 

441 

24. 94±2. 7 

7. 56±4. 3 

Mean. . 

13. 37=fc2, 2 

16.l7dt3.0 

Mean . 

26.87db2.7 

29. 67±3. 2 

Mean. . 

30.33i;2.4 

33. 12i:3. 1 

012. . . 

I7.99:i;5.0 

16. 36±6.2 

022 

18. S2±4. 6| 

16. 89±4. 9 

042.... 

37. 28±4. 5 

36.65*4.8 

112... . 

34. 73i:6. 3 

32. H4±7. 1 

122 

44.47±8.1 

42. 58±9. 4 

142 

40. 11 ±5. 8 

38. 22*7. 5 

212 

31. 9fii:6. 3 

34. H6i:7. 9 

222. 

29.93db5.2 

32. 84i:7. 1 

242.. -- 

26. 66±7. 3 

28. 57*8. 7 

412 . ! 

12. 14i;3. 3 

15.15i:5.4 

422 . 

32.04=h3.2l 

35.05^5.4 

442 

13. 13±3. 1 

16. 14*6.3 

Mean . . 

24. 20±2. 5 

24. 80±3. 2 

Mean. . 

31.24:1:2.8 

31. 84±3, 4 

Mean. . 

29.04±2.7 

29. 64*3. 4 

014 

27. 62±fi. 4 

24.04±6.3 

024 

2l.36±3.4 

17. 78i:4.7 

044 

43. 60±6. 5 

39.92*7.2 

114.. 

38. 54i5. 1 

43. 24±6. 4 

124. 

31. 11 ±5. 3 

35. 81±6.6 

144 

56. 58db7. 7 

60. 28*8.6 

214 ... 

25. lOrfcS. 2 

19.78d:7.9 

224 . 

16.30=b5.9 

11. 18±8.3 

244 

27.27±3 1 

21.96*6,7 

414 .. . 

30.12±7.() 

32. 36±7. 9 

424 . , 

35. 53±2. 5 

37. 77±4. 6 

444 

6. 89±3. 1 

8.13*4.8 

Mean . . 

30.34i:2.0 

29, 86±3. 6 

1 

Mean... 

26. 12±2. 2 

25. 64db3. 1 

Mean.. 

33. 06^:2. 7 

32. 57*3. 5 


GREEN SWEET-CORN FODDER 


010, , . 

15 64* 

4.0 

15. 04* 

4.0 

no.... 

14.71* 

3.6 

4.97* 

8.9 

210- .. 

1,01* 

6.0 

5.87* 

5.8 

410,. , 

-1.55* 

7.8 

. 03* 

8,2 

Mean,. . 

7. 45* 

2.7 

6.63* 

3.5 

on. 1 

10.97* 

3ji 

23. 21* 

8.1 

111... 

-1.77* 

3.0 

-3. 86* 

7.6 

211 ! 

10.04* 

3.1 

15.29* 

4.2 

411 

18. 05* 

4.2 

.142* 

6.1 

Mean.. 

9.32* 

1.8 

9.02* 

3.3 

012 

13.58* 

TT 

8. 61* 

Te 

112.. .. 

42.34* 

6.3 

14. 12* 

6.7 

212 

19. 79* 

6.4 

19.99* 

9.2 

412 

19.46* 

6.1 

13. 19* 

6.8 

Mean... 

23.79* 

2.7 

13.95* 

3.6 

014 

39. 36* 

To 

41.80* 

TT 

114... „ 

35.91* 

3.8 

28.21* 

6.7 

214 

29.81* 

4.4 

6.16* 

7.4 

414 

29.89* 

6.0 

32.26* 

7.6 

Mean^ . 

3,3. 74* 

2.4 

26.86* 

3.6 


020 

11.46* 

4.1 

11.46* 

4.1 

120 

13.91* 

3.3 

4.17* 

8.7 

220 

7.74* 

4.6 

12.60* 

5. 5 

420 

31. 56* 

6.0 

^ 33.14* 

6.6 

Mean.. 

16.17* 

2.3 

15.34* 

3.2 

021 

23.18* 

4.0 

,35.42* 

8.2 

121 

26.66* 

5.7 

24. 67* 

9.0 

221 

27.78* 

4.8 

33.1K1* 

6.6 

421 

13.65* 

6.21 

-2. 98* 

7.6 

Mean., .. 

22.82* 

2.6 

22. 51* 

3.8 

022 

25. 62* 

5.3 

20.55* 

Ts 

122 

34.30* 

6. 5 

6.08* 

7.7 

222 

38.69* 

4. 7 

38.89* 

8. 1 

422 

35.16* 

4.5 

28.89* 

6.4 

Mean . . 

33.44* 

2.6 

23.60* 

3.6 

024 

33.74* 

To 

36. 18* 

TT 

124 

36.24* 

6.4 

28.54* 

8.4 

224 

42.88* 

5.4 

18.22* 

8.1 

424 

40.80* 

4.6 

43. 17* 

6.6 

Mean.. 

38.42* 

2.7 

31.53* 

3.7 


040-- -- 

1.26*31.5! 

1.26*31.5 

140 

23.09* 

4.9 

13.35* 

9.5 

240 

; 38.06* 

5.4 

: 42.92* 

6.2 

440 

26. 32* 

4.9 

27.90* 

5.5 

Mean, _ 

22. 18* 

8.2 

21.36* 

8.6 

041 

32. 29*. 

,5.2 

! 44.63* 

8.9 

141 

36. 46* 

6.7 

33. 37* 

9.0 

241 

33.20* 

6.0 

38.45* 

6.6 

441 

34. 85* 

6.9 

18.22* 

7.4 

Mean.. 

33. 95* 

2.8 

1 33.64* 

4.0 

042 

33.02* 

TT 

1 27.95* 

6.6 

142 

48. 46* 

4.4 

20.23* 

6.0 

242 

40.71* 

6.7 

40.91* 

9.4 

442 

21.74* 

2.6 

15.48* 

5.2 

Mean,- 

35.98* 

2.5 

26. 14* 

3.5 

044.. , . 

47.62* 

TTi 

60.06* 

Ta 

144...- 

68.36* 

8.6 

60.66*10.2 

244 

52.05* 

5.2j 

27.39* 

7.9 

444 

19.01* 

3.5 

21.38* 

5.9 

Mean.. 

46.76* 

3.0 

39. 

3.9 




694 


Journal of Agricultural Research 


Vol. 46, No. n 


In Figure 9, A and B, the modes for the two sets of curves are as 
follows: 

014, 021, and 041. 

YiA/X22andX41. 

^^^»lX44. 

Treatments X22 and X44 are bracketed together, as the ratios of 
P and K are identical. Treatment 021 is somewhat out of line in 
the comparisons made later. The relationship between phosphorus 
and potash, especially on the basis of the mean factors, is as follows: 

PiOj-K Pounds P1O5 Pounds KjO 

1- 4 32 100 

2- 2 64 60 

4-1 128 26 

The mean factors for these treatments are also quite similar, namely, 
29.86±3.6 for X14, 31.84±3.4 for X22, and 33.12±3.1 for X41. 
According to this, phosphorus and potash seem to have an inverse 
relationship that is more marked when nitrogen is included than when 
it is omitted. 

The data showing the effect of potash on the efficiency of phos- 
phorus as determined by green fodder (figs. 9, C, D, and 10, C, D) 
are derived from Table 6. 

The curves in Figure 9, C, although consistently iiregular, show 
that on the fodder basis the efficiency of phosphorus tends to increase 
in relation to the amount of potash applied, the lu^aviest potash 
treatment being the mode of each curve. The mean factors in Figure 

9, D, show the same relationship, and the modes coincide with the 
highest potash dosage. This relationship, based on ^reen fodder, is 
direct and comparatively simple when contrasted wuth the inverse 
relationship shown by the same series on the ear basis. 

Increasing dosages of phosphorus tend to increase the efficiency of 
this element on the fodder basis under all conditions (fig. 10, C and 
D), except where phosphorus is applied alone in the series 010-020- 
040. The modes all contain quadruple phosphorus except treatment 

010 . 

From the preceding discussion it appears that the efficiency of 
phosphorus is modified materially by potash both indirectly and 
directly. The tendencies mentioned are summarized in the following 
statements. 

Indirect Eppect op Potash on the Eppiciency op Phosphorus 

On the basis of edible ears, but not on the fodder basis, increasing 
applications of potash tend to maintain an equivalent efficiency in 
relation to decreases in the amount of phosphorus used, this inverse 
relationship being limited to the mean factors in which nitrogen is 
included. (Fig. 9, B.) 

In mixtures of phosphorus and potash, nitrogen omitted, the 
single dosage of potash is, in general, practically as efficient as heavier 
applications as determined by edible ears, or more so. (Fig. 9, A.) 

DufcBCT Efpeot of Potash on the Efficiency op Phosphorus 

On the ^een-fodder basis, the efficiency of phosphorus is found to 
increase directly in relation to the application of potash both in 
phosphorus-potash combinations and in those including nitrogen, 
namely, the mean factors. (Fig. 9, C and D.) 
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The efficiency of phosphorus when applied alone tends to decrease 
in relation to successive increases in the amount applied, such de- 
creases being much more marked in the case of green fodder than 
in the case of edible ears. (Fig. 10, A and C.) 

The efficiency of phosphorus tends to increase directly in relation 
to added increments of this element in phosphorus-potash mixtures 
containing no nitrogen, on the basis of both edible ears and fodder. 
(Fig. 10, A and C.) 

Phosphorus shows the same tendency when nitrogen is included, 
as determined by the mean factors, except that a single discrepancy 
occurs in Figure 10, B, with reference to edible ears, treatment X22 
being slightly higher than X42. (Fig. 10, B and D.) 


EFFECT OF PHOSPHORUS ON THE EFFICIENCY OF POTASH 

The data on the effect of phosphorus on the efficiency of potash 
are given in Table 7 and Figures 11 and 12. In view of the inverse 
relationship between phosphorus and potash, discussed under phos- 
phorus efficiency, a similar relationship might be expected when potash 
efficiency is considered. 



Figure ll.— The effect of successive increments 
of phosphorus on the elficiency of potash, both 
with and without nitrogen; results for two ele- 
ments shown in A and C, for three elements in 
n and D, for eaible ears in A and B, and for 
green fodder in and 1) 



Figure 12.--The effect of successive increments 
of potash on Its efficiency in phosphorus-potash 
combinations, both with and without nitrogen; 
results for two elements shown in A and C, for 
three elements in B and D, for edible ears in A 
and B, and for green fodder in C and D 


According to Figure 11, A and C, the efficiency of potash based 
both on edible ears and on green fodder shows a tendency to increase 
in relation to successive additions of phosphorus when used in com- 
binations of phosphorus and potash. As shown in the above tabula- 
tion, the mode of each curve coincides with the largest amount of 
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phosphorus used. The value of these factors as used in this interpre- 
tation must be qualified, of course, by the fact that the probable errors 
in most instances are large, and especially so in the case of fodder. 

Table 7. — Comparison of the effects of phosphorus on the mean percentage increases 
in yields of edible green sweet corn and of sweet-corn fodder ^ and on the efficiency 
of potash, ha^is of percentages 

EDIBLE GREEN SWEET CORN 


Treat- 

Increase 

K efficiency 

Treat- 

Increase 

K efficiency 

Treat- 

Increase 

K efficiency 

ment 

in yield 

factor 

ment 

in yield 

factor 

ment 

In yield 

factor 

001,. 

-8. 98=fc2. 7 

-8.08±2.7 

002.... 

1.63dtl.6 

1.63dbl.6 

004.... 

3. 58d:3. 2 

3. 58±3. 2 

101.... 

-12.41db6.5 

-17. 92±8. 2 

102.... 

1.89±4.7 

“3. 62±6. 9 

104.... 

-4.70=fc3.9 

-10. 21db6. 3 

201.... 

-7. 17±1.8 

-4.26db2.8 

202.... 

-2.91d:4.8 

0 

204. ...i 

5.32d=5.9 

8.23±6.3 

401... . 

17. 38±3. 3 

22. 23rb4. 2 

402.... 

-3.01d:4.3 

1.84=b5.0 

404..... 

-2. 24±3. 7 

2.61db4.5 

Mean 

-2.80=b2.0 

-2. 23±2. 6 

Moan . 

-.60ib2.0 

-.04:fc3.1 

Mean , 

. 49=b2. 2 

1.06dt2.6 

Oil.... 

13.91±4.0 

-8. 72±6. 2 

! 012 

17.99±5.0 

-4. 64.-t6. 9 

014 

27. e2db5. 4 

4.99±7.2 

111.... 

9.07±3.5 

-3. 56d=4. 4 

112.... 

34.73=1=5.3 

22. lldtS. 9 

114.... 

38. 5i±5 . 1 

25.92:±:5.8 

211.... 

14. 45±5. 0 

9.49=b7.4 

212.... 

31.95=b6.3 

26. 99±8. 4 

214.... 

25. 10±5. 2 

20. 14±7. 6 

411.... 

16.06±6.1 

1.25db7.1 

412.... 

12.14d:3.3 

-2.67d=5.9 

414 

30.12:i:7.0 

15.31:1=8.5 

Mean . 

13. 37±2. 2 

-.38i:3.2 

Mean . 

24.20d=2.5 

10. 45±3. 4 

Mean. 

30.34d:2.9 

16. 59=fc3. 7 

021 

18. 75d=4.3 

8.73rfc5.1 

022.... 

18.52=b4.6 

8. 60d=6. 3 

024 

21.36db3.4 

11.34±4.3 

121.... 

34.47±4.7 

5. M±fi. 1 

122-..- 

44.47±8.1 

15. 64db9.0 

124.... 

31.11=1:5.3 

2. 18d:6. 6 

221.... 

31.92=kS.2 

.42=fc7.1 

222.... 

29.93:i=5.2 

-1.57=b7.1 

224.,.. 

16.50:h5.9 

-16.00i:7.6 

421.... 

22.36±7.0 

-16.63±8.3 

422..-. 

32.04±3.2 

-6.94±5.4 

424.... 

35. 53:b2. 5 

-3.46=fc6.1 

Mean . 

2fi. 87±2. 7 

”.48d=3.4 

Mean . 

: 31.24i=2.8 

3.88d=3.4 

Mean . 

26.12=b2.2 

-1.2;i±3.0 

041.... 

37. 41±4.8 

17.96±6.2 

042.... 

37.28±4.5 

17.83±6.0 

044.... 

43. 60d:6. 6 

24.06d:7.6 

141.... 

32. 76±6. 3 

2.64±8.8 

142.... 

40.11^:5.8 

9.99±8.4 

144 

55. 58±7.7 

25.46d:9.8 

241.... 

26.20±4.8 

-2.96±6.3 

242.... 

25.66±7.3 

-3.6(H:8.4 

244... 

27.27:t3.1 

-1.89i:5.1 

441.... 

24. 94±2. 7 

9. 21db4.8 

442.... 

13. 13±3. 1 

-2. 60±6. 1 

444.... 

5. 89=1=3. 1 

-9.84±6.1 

Mean . 

30. 33d;2. 4 

6. 7i±3. 3 

Mean. 

29.04±2.7 

5. 43:^3. 6 

Mean. 

33.06=h2.7 

9.44dc3.G 


GREEN SWEET-CORN FODDER 


001.... 
101.... 
201. ... 
401.... 

-12.24:1:7.2 
2. 09±7. 0 
-5.25i:2.8 
16. 63:i:4.4 

-12.24± 7.2 
-7.6S5i 0.7 
-.39± 4.1 
]8.21=b 5.1 

002.... 
102.-.- 
202---- 
402. ... 

5.07d:3.4 
28. 22d=4. 1 
-. 20d=6. 6 
6. 26d=4. 5 

5. 07d: 3. 4 
18.48d: 9.1 

4. 66d: 7. 2 
7.84± 5.2 

004.. .. 

104.. .. 
204-... 

404.. .. 

~2.44d=3.5 
7.70d:5.6 
24. 66d:6. 0 
-2. 37d:4. 7 

-2. 44d:3. 5 
~2.04d: 9.8 
29. 52d: 6. 7 
-'.79d: 5.4 

Mean . 

.31=t2.8 

-.52d=3.6 

Mean _ 

9.84d:2.4 

9. Old: 3.3 

Mean . 

6.89d:2.0 

6.06d: 3.4 

011.. .. 

111.. .. 
211.... 
411.... 

10.97±3.8 
-1.77±3.0 
10. 04=1=3. 1 
18. 05d:4. 2 

-4. 67=fc 6. 5 
-16.48:fc 4.7 
9.03=k 5.9 
19.80:L 8.9 

012.... 
112-..- 
212... . 
412... 

13. 58d;4. 4 
42.34d=5.3 
19.79d:6.4 
I9.45d=5.1 

-2.06d: 5.9 
27. 63d: 6. 4 
18.78d: 8.1 
21.00d: 9.3 

014 

114 

214 

414 

39.36db6.0 
35. OlrbS. 8 
29.81d:4.4 
29.89d=6.0 

23.72=1= 6.4 
21. 20d= 5. 2 
28.80d= 6.7 
31.44d: 9.8 


9. 32=1=1.8 

1.87:1: 3.2 

Mean . 

23. 79. db27 

16. 34d: 3. 8 

Mean . 

33. 74d=2. 4 

26.29d- 3.6 

021 .. . 
121.... 
221.... 
421.... 

23. 18d=4. 0 
28. 66±5. 7 
27. 78db4. 8 
13.65d=6.2 

ll.72± 5.7 
12. 75± 6. 6 
20.04=t 6.6 
-17. Old: 8.7 

022-.- 

122---- 

222 

422...- 

25.62d=5.3 
34. 30d:6. 5 
38.69d:4.7 
35. 16d:4. 6| 

14. 16d= 6. 8 
20. 39d: 7. 3 
30. 95d: 6. 6 
3.69d= 7.6 

024-.-- 

124.. .. 

224.. .. 
424.--. 

33.74d:5.0 
36. 24d=6. 4 
42.88d:5.4 
40.60=b4.6 

22. 28d= 6. 5 
22.33d= 7.2 
35. 14d: 7. 1 
9.24d: 7.6 

Mean. 

22.82db2.6 

6.65d: 3.5 

Mean. 

33.44±2.6 

17. 27d: 3. 5 

Mean . 

38. 42db2.7 

22.25=b 3.6 

041.. .. 

141.. .. 
241-... 

441.. .. 

32.29d=5.2 
36.46i5.7 
33. 20d=5. 4 
34. 85=1=5. 9 

31.03=h3.9 
12. 37± 7. 5 
-4.86d: 8.1 

8. 63d= 7. 7 

042.. .. 

142.. .. 

242.. .. 

442.. .. 

33.Q2di:5.7 
4S.45db4.4 
40. 71±6. 7 
21.74db2.6 

31.76d:32.0 
25.36d: 6.6 
2.65d= 8.6 
-4. 58d: 5. 5 

044-.- 

144 

244..- 

444--. 

47.62d:5.2 

68.36d=8.6 

62.05±5.2 

19.01d:3.5 

46.36=b31.9 
45.27d= 9.9 
13.99d= 7.5 
~7.31=b 6.0 

Mean . 

33.95±2.8 

11.77d: 3.5 

Mean . 

35.98d:2.5 

13.80d: 8.6 

Mean . 

46.76:1:3.0 

24.56d: 8.7 


According to Figure 12, A and C, there is more or less of a tendency 
for the efficiency of potash to increase in relation to the amount 
applied in phosphorus-potash mixtures based on both ears and fodder. 
When compared the modes of each curve confirm this, but the prob- 
able errors in several cases are very large indeed. 
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The curves of the mean factors, where nitrogen is included (fig. 1 1 , 
B and D), show the influence of the inverse relationship between 
phosphorus and potash confirmed by the modes of each curve, namely, 
X41, X12, and Xl4 in the case of edible ears, and X41, X22, and Xl4 
in the case of fodder. The mode Xl2 is out of line and should be 
X22. Four of these modes are more than tlirec and two-tenths 
times their probable errors, one is more than three times, and another 
is twice its probable error. 

The curves in Figure 12, B, consisting of the mean efficiency fac- 
tors, show a tendency for the efficiency of potash to increase in rela- 
tion to the amount applied. Only one of the modes, X14, is statis- 
tically significant, however. A similar tendency is indicated by fod- 
der in Figure 12, D, but here the modes of each curve appear to be 
more significant. 

In mixtures of phosphorus and potash, the tendency of potash to 
increase in efficiency is related (1 ) to successive increases in the amount 
of phosphorus applied, and (2) to successive increases in the amount of 
potash used. The mean factors when compared with respect to increas- 
ing dosages of phosphorus (fig. 11, B and D) show an inverse relation- 
ship, but when compared with respect to increasing dosages of potash 
(fig. 12, B and D), the maximum efficiency seems to be associated 
largely with the highest application of potash. From this it appears 
that while there is a tendency for phosphorus and potash to be in- 
versely related on the basis of potash efficiency, such a tendency is 
by no means as strong or as consistent as the inverse relationship 
between these two elements based on phosphorus efficiency. 

GENERAL DISCUSSION 

The crop data have been interpreted by means of certain theoreti- 
cal factors called efficiency factors. These factors show that each of 
the three nutrient elements essential to plant life is influenced by 
additions of salts containing one or two of the others. No attempt 
will be made to explain the causes of the phenomena observed. 
Whether they are due to changes in the availability of one fertilizer 
salt following the addition of one or two others is a matter of opinion 
that is outside the scope of this article. At the same time it should 
be understood that no claim is made concerning the probability that 
certain trends and tendencies observed in this experiment are applic- 
able outside the limits of this experiment. The purpose of the dis- 
cussion which follows is to correlate the apparently diverse trends of 
the efficiency factors in such a manner that the optimum fertilizer 
ratios of this experiment may be definitely determined. 

The efficiency of nitrogen is influenced very materially by the 
presence of phosphorus and potash used in combination vnth it. 
Under the conditions of this experiment, nitrogen applied alone 
around the hill of com has an efficiency wiiich is slightly above or 
below zero. Preceding this top-dressing with a basal treatment of 
phospliorus gives variable results. If this basal treatment consists 
of 32 pounds P2O5 per acre the efficiency of nitrogen is depressed even 
further, but not to the extent of being statistically significant. Doub- 
ling the basal phosphorus treatment to 64 pounds P2O5 per acre gives 
very large increases in nitrogen efficiency, which in the case of edible 
ears are significant in all mtrogen combinations. Quadrupling the 
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phosphorus treatment to 128 pounds P2O5 per acre depresses the eflB- 
ciency of nitrogen below the 64 pounds of ftOs treatment in the case 
of edible ears but increases it in the case of fodder. However, none 
of the factors involving the basal treatment of 64 and 128 poimds 
of P2O6 as determined by fodder are significant. The mean factors 
which include the average of the potash additions show, with minor 
variations, substantially similar trends, with statistical significance 
almost entirely confinea to the double phosphorus treatment, based 
on edible ears. The effect of increasing increments of nitrogen upon 
the efficiency of this element is somewhat variable. Significant results 
are obtainea in only two instances, and both of these are based on 
edible ears. When combined with 64 pounds P2OS per acre, nitrogen 
increases in efficiency as the dosage increases. The mean factors, 
however, show that the single nitrogen dosage is just as efficient as 
heavier applications. The remaining data also show that the single 
nitrogen dosage tends to be the most efficient. 

Two points of major importance are brought out by this discussion. 
These are (1) that nitrogen, except where combined with an appar- 
ently optimum phosphorus dosage, tends to give the maximum effi- 
ciency when applied in quantities of not more than 7.5 pounds per 
acre, and (2) in order to obtain the highest efficiency, the nitr^en 
dosage must be combined with the double phosphorous dosage. Tnis 
establishes the limits in this experiment for the use of nitrogen as de- 
termined by its relationship with phosphorus. It would be very 
difficult, indeed, to detennine these facts with certainty from even a 
thorough study of the yields in Table 1. 

The efficiency of nitrogen is also strongly influenced by the presence 
of a potash salt. The data show that this influence is reciprocal ; in 
other words, the efficiency of potash seems to be affected by nitrogen 
in substantially the same manner as the efficiency of nitrogen is 
affected by potash. For this reason, the reciprocal efficiency of both 
of these elements will be discussed together. Although not entirely 
free from discrepancies, and qualified by the fact that the probable 
errors are very large, the curves in many instances show that the 
maximum efficiencies of both nitrogen and potash are associated in the 
following combinations : (1)7% pounds nitrogen per acre side dressed 
after a basal treatment of 50 pounds K2O per acre; (2) 15 pounds of 
nitrogen per acre side dressed after a basal treatment of 100 pounds 
K2O per acre; and (3) 30 pounds of nitrogen per acre side dressed 
after a basal treatment of 25 pounds K2O per acre. 

Most of the factors for nitrogen efficiency as affected by potash 
and, inversely, potash efficiency as affected by nitrogen, are unreliable 
because of their krge probable errors, but it should be noted that the 
statistically significant ones are practically all confined to the three 
ratios mentioned. Of these three, namely, 7.5-0-'50, 15-0-100, and 
30-0-25, the first two are the same except as to quantity. The last, 
30-0-25, conforms approximately with commercial analyses such as 
2-12-2, 4-16-4, etc., commonly used in Illinois and in other parts of 
the Central West, but the others are not in extensive commercial use. 
The data which have been presented show (1) that in combinations of 
nitrogen and potaah, with phosphorus omitted with the 30-0-25 ratio 
is considerably more efficient than the other two ratios on the basis of 
edible ears and about equally so on the green-fodder basis; (2) that 
the mean factors which include phosphorus prove the 7.6-0-50 ratio 
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to be superior on the basis of both ears and fodder. It is therefore 
apparent that only two ratios of nitrogen and potash need be con- 
sidered, a 30-0-25 and a 7.5-0-50, the latter being apparently superior 
to the former in complete analyses. 

The discussion thus far has definitely limited the types of fertilizer 
analyses which might be expected to give optimum results. The 
requirements for an optimum analysis may be stated as follows: 
(1) Not more than 7.5 pounds of nitrogen per acre should be applied 
as a side dressing; (2) when nitrogen is used, this element gives the 
highest efficiency if combined with the double phosphorus application 
of 64 pounds per acre; and (3) the ratio of nitrogen and potash 
that gives the best results in a phosphorus-bearing fertilizer is 7.5:50. 

A fertilizer answering the above requirements would be a 7.5-64-50 
in terms of plant food per acre. Before concluding that such a com- 
bination will fully answer the requirements of the soils in this experi- 
ment, a consideration of the efficiency of phosphorus is necessary. 

The efficiency of phosphorus is influenced appreciably by the 
amount applied to the soil and also by the use of nitrogen in connec- 
tion with it. Nitrogen acts in general as a depressive agent when side 
dressed after an application of 32 pounds P 2 O 6 per acre; but when the 
application is increased to 64 or 128 pounds per acre, side dressings of 
7.5 to 15 pounds nitrogen per acre are quite consistent in‘increasing 
the efficiency of phosphorus. These trends apply to nitrogen-phos- 
phorus combinations. The mean efficiency factors have somewhat 
diflferent trends. Based on edible ears, the single dosage of nitrogen 
is the most efficient, but as detennined by green fodder, nitrogen has 
but little effect. 

The efficiency of phosphorus changes materially in relation to the 
amount applied. Phosphorus alone tends to decrease in efficiency as 
successively larger amounts are applied. In nitrogen-phosphorus 
mixtures the tendency for phosphorus to increase in efficiency in rela- 
tion to successive additions is quite marked. In general, 64 pounds 
p20r, per acre is the most efficient on the edible-ear basis and from 64 
to 128 pounds on the fodder basis. Although differing in some 
respects, the mean factors show substantially the same trends. 

Since the efficiency factors just discussed are in most instances 
significant from the statistical standpoint, certam definite information 
is added concerning the optimum fertilizers in these experiments. 
It is obvious that nitrogen should not be used unless the phosphorus 
requirements are satisfied. • Other important points brought out are 
(1) 7.5 pounds of nitrogen per acre is sufficient if it supplements both 
minerals, (2) 64 pounds P 2 O 6 per acre may be considered the optimum 
phosphorus application, and (3) 32 pounds P 2 O 6 per acre is the maxi- 
mum application if phosphorus is to be used alone. 

These trends justify the conclusion that 7.5 pounds N and 64 
pounds P 2 O 6 per acre is the combination that gives the optimum 
results. This is fully in accordance with the previous conclusion, 
that a 7.5-64-50 analysis on an acre basis gives the optimum results. 

The efficiency of phosphorus is likewise modified to a considerable 
degree by potash, but green fodder and edible ears are not alike in 
their reaction. Considering the results with edible ears first, it has 
been found that on this basis there is a decided tendency for phos- 
phorus and potash to bear an inverse relationship to each other, in 
which the mean efficiency factors tend to maintain an equilibrium as 
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the potash applications are increased and the phosphorus applications 
are decreased, (Table 8.) The mean factors are practically identical 
in size. In contrast, the efficiency of the single dosage of potash in 
mixtures of phosphorus and potash, omitting nitrogen, is as high as, 
or higher than, heavier applications, irrespective of the dosage of 
phosphorus. 

Table 8. — Inverse relationship between applications of phosphorus and potash as 
exemplified by equilibrim of the mean efficiency factors as potash applications are 
decreased and phosphorus applications increased 

[Figures relate to edible green sweet corn only] 


Code 

PjOb 

KaO 

Kfficiency 

factor 

XI4 - 

Pounds per 
acre 

32 

64 

128 

Pounds per 
acre. 

100 

50 

25 

29. 86d=3. 6 
3].84db3.4 

33. 12db3. 1 

X22 ...... 

X4l 


On the basis of green fodder, it is found that the efficiency o 
phosphorus increases directly in relation to the application of potash 
m all types of mixtures. 

In phosphorus-potash mixtures containing no nitrogen, the effi- 
ciency of phosphorus increases directly in relation to the amount of 
phosphorus used. In mixtures including nitrogen, the general 
tendency is similar, but there are some important variations. 

These results are of considerable value in determining the optimum 
phosphorus-potash ratio. The results show that mixtures of the 
minerals only respond differently from complete-analysis fertilizers. 
In mixtures of the minerals only, the highest efficiency is obtained 
with the single potash dosage on the ear basis, but higher applications 
of potash are indicated on the fodder basis. Similarly, the efficiency 
of phosphorus increases in relation to the dosage on both bases. 
Thus when phosphorus-potash mixtures are used the 041 type of 
mixture would give the highest efficiency on the ear basis, and the 
044 type on the fodder basis. Stated in terms of plant-food ratios, 
the 041 mixture is equivalent to 0-128-125 and the 044 to 0-128-100. 
The nearest commercial analyses now available would be, respectively, 
0-16-3 and 0-16-12. 

However, this is materially modified by the mean factors where 
nitrogen is also averaged. Here equivalent efficiencies on the ear 
basis are shown by three radically different mixtures, Xl4, X22, and 
X41, which are equivalent to mixtures of X-32-100, X-64-50, and 
X-128-25; or, in trade terms, X-8-24, X-16-12, and X-16-3, 
applied, of course, in different quantities, 400, 400, and 800 pounds, 
respectively. On the fodder basis, a mixture of the X44 (X-128-100) 
type might be preferred, as the efficiency of jjhosphorus reaches the 
maximum when the highest dosages are used in connection with the 
hipest dosages of potash. 

The question now remains ^ to how these data may be properly 
evaluated. Previous to the discussion of the effect of potash on the 
efficiency of phosphorus, the conclusion was reached that a 7.5-64-50 
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per acre analysis would give the optimum results. A summary of 
the types of mixtures that give the best results is presented in Table 9. 


Table 9. — Summary of types of fertilizer mixtures that give the best results with ear 

corn and fodder 


Basis and l)a.sa1 formula 

Nearest 
commercial ! 
formula 

1 

Quantity 

per 

acre 

Plant food per 
acre (,N-P 20 #“ 
KzO) 

Ear basis; 


Pound* 

Pound* 

a-5.1-1 - 

(V Ifl ■ 3 

800 

0-128- 25 

Fodder basis: 




(M..3-1 - - 

(f-lG-12 

800 

0-128-100 

Ear basis: 




X~l-3.1 - . 

X- 8-24 

400 

X- 32-100 

X-1.3-1 — 

i X-1 6-1 2 

400 

X- 04- 50 

X-5.1-1 - . 

X-16- 3 

800 

X-1 28- 25 

Fo(ider basis: 




X-1.3-1 

X-10-12 

800 

X-128-100 


Considering first the fertilizers containing nitrogen, the X-1 28-25 
type might be eliminated because, in order to obtain an equivalent 
efficiency, 800 pounds must be used, as compared with half the quan- 
tity in certain other mixtures. The X~32-100 mixture may also be 
eliminated because the efficiency of 7.5 pounds of nitrogen per acre, 
combined with 32 pounds P2O5 per acre is very low, and likewise 
combinations of 7.5 pounds nitrogen and 100 pounds K2O per acre 
are very much less efficient than those containing half as much 
potash. This leaves the X-64-50 combination, which apparently 
fulfills all the requirements and is consistent with the 7.5“64-50 
typo already mentioned as being the most desirable 
Another type of mixture, because of its extensive use in Illinois, 
also requires discussion, that is, one containing only the minerals. 
Table 9 shows that the 0-128-25 is most efficient on the ear basis 
and the 0-128-100 on the fodder basis. The phosphorus efficiency 
factors of these mixtures on the fodder basis are, respectively, 
44.53 ±8.9 and 50,06 ± 6.3. (Table 6.) The difference is 5.53 ± 10.9, 
which is less than its probable error, and accordingly the 0-128-100 
mixture may be eliminated. There is, however, one fundamental 
objection to the remaining 0-128-25 combination; it is an applica- 
tion much heavier than is customarily used in the Corn Belt for a 
low-value crop such as sweet corn. It is at this point that the 
experiment is weak, because there is no direct method of deter- 
mining what the effect would be of halving the 0-128-25 treatment. 
The only alternative is to approximate the effect by indirect means. 
The treatments nearest to 0-128-25 are 0-128-0 and 0-128-50 
(040 and 042). According to Table 6, the phosphorus efficiency of 
treatment 0-128-0 is only 19.45 ±4.0, whereas that of 0-128-50 
is 35.65 ±4.8, or almost twice as large. If the respective half-size 
treatments 0-64-0 (020) and 0-64-25 (021) are compared (Table 
6), the efficiencies are found to be 10.02 ± 2.7 and 27.73 ± 5.1. Clearly, 
potash, because it gives such a large increase in phosphorus efficiency, 
IS essential, and 0-128-0 and 0-64-0 can not be considered as alter- 
native treatments in place of 0-128-25. This leaves 0-64-25 (021), 
which in turn is considerably higher than 0-64-50 (022) in phosphorus 
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efficiency. Therefore, the only possible treatment smaller than 
0-128-50 (041) which approaches it in efficiency is 0-64-26 (021). 
A comparison of these treatments based on the data in Table 6 is 
shown m Table 10. 


Table 10 . — A comparison of two fertiliter treatments as to percentage increase in 
yield of ear corn ana fodder and as to phosphorus efficiency factor 


Treatment 

Percentage increane in 
yield of— 

Phosphorus-efficiency 
factor for— 

Ears 

Fodder 

Ears 

Fodder 

0-128-60 (041) 

37.41:1:4.8 

18.75±4.3 

32. 29rb5.2 
23.18±4.0 

46.30±6.6 

27.73±5.1 

44. m± 8.9 
U.42± 8.2 

0-04-25 (021) 

Difference 

18.66^6.4 

».11:ir6.6 

18.e6±7.6 

9.11±12.1 



All the differences recorded are less than three and two-tenths 
times their probable erro]^, and while the yield increase of 041 is 
double that of 021 the difference is somewhat less than might be 
regarded as significant. Numerous subsequent experiments in many 
sections of Illinois have proved the correctness of the belief that the 
021 (0-64-25) nuxture is the more desirable. It is the only mixture 
now in commercial use on thousands of acres of sweet corn in Illinois. 
It is applied at the rate of 100 pounds per acre around the hill at 
planting in the form of an 0-16-6 analysis that is one-fourth of the 
0-64-25. Broadcasting has never become popular. 

Consideration remains to be given to the effect of phosphorus on 
the efficiency of potash. It may be said in general that phosphorus 
exerts a weaker and less consistent effect upon potash than nitrogen. 
Most of the recorded efficiency factors lack statistical significance, 
but certain trends develop which have some value. In mixtures of 
phosphorus and*potash there is a tendency for potash to increase in 
efficiency with successive increments of both phosphorus and potash. 
The mean efficiency factors show an inverse relationship similar to 
that discussed under phosphorus efficiency, but this tendency is 
comparatively limited in scope and is not so consistent. 

The repeated process of elimination has brought the possible 
optimum fertilizer treatments in this experiment down to three, 
namely, 0-64-25, 0-128-25, and 7.5-64-50. Their relation to the 
yield data may now be determined by studying the crop records of 
edible ears from the 10 best treatments in Table 1, as shown in Table 
11 . 

Two of the three treatments selected as being the optimum appear 
in the table. Treatment 122 (7.5-5-64-60) is third m rank on the 
basis of increased ton yields, but second on the percentage basis. 
Treatment 041 (0-128-25) is sixth on the basis of increased ton yields 
and seventh on the percentage basis. Treatment 021 (0-64-25) does 
not appear at all, but its multiple 042 (0-128-50) ranks about the 
same as 041. 
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Table 11 . — Relation between the efficiency of the three optimum fertilizer treatments 
as determined from crop records of edible ears produced by the 10 best treatments 
recorded in Table 1 


Treatment 

j 

Relationship computed— 

On basis of yields by weight 

On basis of percentage increase 
In yield 

Rank 

Tons per acre 
increase over 
check 

Student's 

odds 

Treat- 

ment 

Rank 

Percentage 
Increase 
over check 

U4 - 

1 

0.971±0.134 

3.3.32:1 

144 

1 

56. r>8±7. 7 

142 

2 

.797=fc .116 

1,932:1 

122 j 

2 

44. 47d:8. 1 

044 - - 

1 1 

/ .77«dr.lI5 

1,799:1 

044 

3 

43. 50±S, 

122 

/ ^ 

1 .776±.142 

400:1 

142 

4 

40.11±5.8 

420- 

4 

.730=b .083 

>9,999:1 

420 

6 

3H.9S±4.4 

042 

5 

.m± .082 

>9,999:1 

114 

6 

38. 54±5 . 1 

041.... 

0 

.073± .080 

4,990:1 

041 j 

7 

37.41±4.8 

141 

1 7 

1 .«.61db.l25 

323:1 

042 j 

8 

37. 28d=4. 6 

424.. . 


\ .651± .040 

>9,099:1 

424 

9 

,36. 53d:2.6 

240... . . - 

8 

.048=fc .091 

1.499:1 

112 

10 

34. 73=fc5.fi 


It is obvious that treatment 7.5-64-50 is much superior to the 
other two on the yield basis, and it should be noted that as compared 
with other high ranking ratios it contains the smallest amount of 
plant food. Four hundred pounds per acre of a 0-16-12 fertilizer 
followed by a side dressing of 50 pounds of sodium nitrate per acre 
would be the equivalent commercial application, and as a‘ result of 
this work this is the one especially recommended. 

SUMMARY 

By means of a critical analysis of certain theoretical factors called 
efficiency factors, calculated from experimental results represented by 
six years^ crop yields from 389 separate plots, the optimum fertilizer 
treatments arc determined from a mass of apparently irrelevant and 
inconsistent crop yields without resorting to supplementary tests. 
This analysis is essentially a study of the reciprocal effects of fertilizer 
salts upon each other as determined by crop yields and not by chemical 
analysis. The influence of fertilizer salts upon each other was found 
to follow certain definite trends, which may or may not have a wider 
application than the limits of this experiment. The reciprocal action 
of these salts is given. 

Nitrogen has a tendency to depress the efficiency of phosphorus 
when the latter element is applied in apparently insufficient amounts 
as a part of various fertilizer combinations; but if adequate amounts of 
phosphorus are included, small supplementary treatments of nitrogen 
increase the efficiency of phosphorus. Phosphorus applied alone in 
increasing amounts shows successive decreases in efficiency, but when 
Uwsed in combination with nitrogen, or with both nitrogen and potash, 
there is a consistent increase in efficiency. 

Phosphorus also influences the efficiency of nitrogen to a very con- 
siderable extent. When the phosphorus content in nitrogen-phos- 
phorus mixtures and in complet.e fertilizers appears to be inadequate, 
the efficiency of nitrogen is depressed, but if it is adequate there is an 
appreciable increase in nitrogen eflSciency. When applications of 
nitrogen are increased and phosphorus is held constant the smallest 
amounts of nitrogen are usually the most efficient. 

A study of the relations between nitrogen and potash indicates that 
these two nutrients have a reciprocal effect upon each other, and fur- 
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thermore their relationship shows a tendency to be inverse, that is, 
under certain conditions high nitrogen and low potash have efficiency 
factors equivalent to those derived from low nitrogen and high potash. 
With the inclusion of phosphorus, however, a combination containing 
low nitrogen and high potash usually gives better results than one 
with high nitrogen and low potash. 

Phosphorus, m addition to being materially affected by nitrogen, 
is also subject to considerable change due to potaSh. The effect of 
potash is somewhat complex and does not manifest itself in the same 
manner under all conditions. Considered in terms of the influence 
upon yields of edible ears, potash seems to be inost efficient when ap- 
plied in relatively small amoxmts in combinations with phosphorus, 
but omitting nitrogen. The addition of nitrogen, as well as potash, 
gives rise to an inverse relationship in which phosphorus seems to 
maintain its efficiency in equilibrium when the potash dosage increases 
inversely to that of phosphorus. Considered from the standpoint of 
plant growth as determined by weight of green fodder, the efficiency 
of phosphorus tends to increase directly in relation to successive addi- 
tions of potash. In general, the efficiency of phosphorus in various 
mixtures tends to increase in relation to the amounts applied. 

The efficiency of potash is influenced to some extent by phosphorus 
and tends to increase in mixtures of these two elements (nitrogen 
omitted) according to the amount of each applied. There is a slight 
tendency for potash in complete fertilizers to exhibit the same typo 
of inverse relationship with phosphorus as that mentioned in the pre- 
ceding paragraph. 

From a study of the efficiency factors it has been found possible 
to determine the optimum fertilizer ratios in this experiment without 
having direct recoume to the crop yields. It is believed that this 
method of analysis will be a valuable aid to the soils investigator in 
studying his data. 
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EFFICACY OF DIFFERENT STRAINS OF BRUCELLA 
ABORTUS AS IMMUNIZING AGENTS AGAINST INFEC- 
TIOUS ABORTION* 


By W. E. Cotton 

Superintendent^ Experiment Station, Bureau of Animal Industry, United States 
Department of Agriculture 

PURPOSE OP THE INVESTIGATION 

Previous experiments^ with a strain of bovine Brucella ahortus^^ 
which through long cultivation on ar-tificial media bad become so 
nearly a virulent for guinea pigs that it would no longer cause lesions 
in them except when injected in very large doses, showed that it 
possessed considerable value m protecting these animals from develop- 
ing lesions of abortion disease when they were subsequently injected 
with a virulent strain of Br. abortus, Huddleson^ showed that a 
similar aviruhiiit culture not only increased the resistance of guinea 
pigs to Br. abortus but also seemed to induce some degree of immunity 
in cattle. 

Numerous attempts made at the Experiment Station, Bethesda, 
Md., about 10 years ago, to infect cattle by natural means with the 
swine type of Brucella abortus failed. These failures suggested the 
possibility that this type might be used to advantage in preparing 
an effective vaccine that would be free from the danger of infecting 
the treated animals. This idea was evolved before the greater danger 
of the swine type to human health was generally realized. It was 
hoped that both the avirulent bovine strain and the swine strain 
could be used on pregnant as well as on nonpregnant cattle without 
infecting them. Arrangements therefore were made to try these two 
strains on cows and heifers both before and after breeding; and, for 
the sake of comparison, to include a group of animals vaccinated, 
before service, with a virulent bovine strain. 


1 Received for lmblic^ation March 10, 1932; issued December, 1932. This investigation was begun under 
the direction of E. C. Schroeder, former superintendent of the Experiment Station, to whom credit is given 
for a large share of the planning of the experiments and help in carrying them out. Uis untimely death in 
January, 1928, occurred before the work was completed. 

* SCHROEDER, E. C., and Cotton, W. E, recent bureau of animal industry experiment station 
BOVINE infectious ABORTION STUDIES. Jour. Amer. Vet. Med. Assoc. 66: 650-661. 1926. 

3 This organism was formerly referred to as Bacillus aborltis or Bacterium abortus, 

* HUDOLESON, I. F. STUDIES ON A NONVIRULBNT UVINQ CULTURE OF BACT. ABORTUS TOWARDS PROTEC- 
TIVE VACCINATION OF CATTLE AGAINST BOVINE INFECTIOUS ABORTION (BANG’S ABORTION DISEASE). Midi. 

Agr. Expt. Sta. Tech. Bui. 65, 36 p. 1924. 

THE VACCINAL IMMUNIZATION OF ANIMALS AGAINST BACT. ABORTUS (BANG) INFECTION. U. 8. 

Livestock Sanit. Assoc. Proc. (1925) 23: 210-215. 1928. 
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SOURCES OF VACCINES 

The avirulent bovine strain used in these investigations was 
isolated from the milk of a cow in 1916 and was then virulent. For 
many months this strain lived on culture media in a single tube so 
completely sealed with paraffin that there was practically no loss of 
moisture. After this period it was kept alive by frequent transfer 
on culture media without resort to animal passage. At the time of 
the experiment it had been avirulent for guinea pigs for several 
years, so far as producing lesions was concerned, but the microor- 
ganisms could be recovered from the spleens of the guinea pigs, in 
some instances, two months after inoculation. Though of very low 
virulence, the strain still retained its ag^lutinability in full measure. 
Four and one-half years before the experiment was begun, a pregnant 
heifer, negative to the blood test for abortion, was injected intra- 
venously with the growth from one agar slant of this strain suspended 
in 20 c c of physiological salt solution. Thirty-seven days later she 
aborted an 8-month fetus and reacted to the agglutination test for 
abortion with a titer of 1 to 1,600. Guinea pigs inoculated with 
material from her placenta developed characteristic lesions of abor- 
tion disease, but those inoculated with her colostrum failed to do so. 
The cow’s blood, a year later, was negative to the agglutination test. 
Nine months after the injection of the heifer mentioned above, two 
pregnant cows given three feedings of the attenuated culture failed 
to become infected or to react to the agglutination test. 

The swine strain used in the investigation was from a sow that had 
acquired abortion disease through natural exposure to infected swine. 
This strain had been kept alive in a guinea pig for a number of months. 
The organism was isolated from the guinea pig a few months before 
the beginning of the experiment and produced well-marked charac- 
teristic abortion-disease lesions of the swine type in guinea pigs. 

The virulent bovine strain was isolated from an aborting cow about 
six months before it was used in the experiment. It produced well- 
marked abortion-disease lesions of the bovine type in guinea pigs, 

TESTS OF THE THREE VACCINES WHEN USED BEFORE 
CONCEPTION 

METHOD AND TIME OP VACCINATION 

To test the efficacy of the three vaccines when used before con- 
ception, they were administered to three groups of cows and heifers 
negative to the agglutination test for infectious abortion, and a similar 
group, untreated, was reserved for control. Each of the vaccines 
was prepared from four days’ growth on 11 agar slants suspended in 
approximately 140 c c of 0.85 per cent salt solution, and all were of 
about the same density. 

Each of the cattle in the first three groups received subcutaneously 
20 c c of vaccine, 10 c c in front of each shoulder. With the exception 
of cow 1155 in the second group, the animals were vaccinated Decem- 
ber 8, 1926. There was little systemic reaction in the cattle after 
vaccination, and the reactions were not very marked nor did they 
persist for long. 
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Table 1 . — Dates of vaccination and breeding of experimental cattle vaccinated before 

conception 

GROUP 1 -VAC(nNATED WITH AVIRULENT BOVINE STRAIN 


Animal No. 

Date of vaccination 

Date of breeding 

Interval 
between 
vaccina- 
tion and 
breeding 

('ow: 

1227 

1926 1 

Dec. 8 - 

1927 

Apr. 8 

Mar. 17 

Days 

121 

1365 - . . . 

do 

99 

Heifer: 

1341 

do 

May IS 

Apr. 19 

161 

1344 

do..,. 

132 

1348 

do 

Apr. 8 - 

121 

1369 

.-..do 

Mar. 29 

111 





GROUP 2.-VAC(^INATEr) WITH VIRULENT SWINE STRAIN 


(•ow: 

12(«» 

Dec. 8 -- 

Mar. 18 

100 

1165“ 

Dec. 13 - 

Apr. 5 

113 

i:i70 

Dec. 8 

-do.— 

118 

Heifer: 

J346 - 

do - 

Mar. 28 

110 

1350 

do.. 

Mar. 16 

98 

1350 

do 

Apr. 19 

132 



1 


GROUP 3.-VAC'CINATP:D W'lTII VIRULENT BOVINE STRAIN 


('ow: 

1142 . ..1 

Dec. 8 .. 

Apr. 5 . . , 

118 

i:i62 i 

. ...do 

Mar. 22 

101 

1366 

.-«..do-._. 

Apr, 5 

118 

Heifer: 

1345 

do 

Mar. 28 

110 

1347 

do 

May 16 

169 





GROUP 4— CONTROLS, NOT VACCINATED 


C'ow: 

1248 - 


July 8 - 


1340.. .. . 


.May 14 


Heifer: 

1322 .... 


Apr, 2 


1323 


do,-- --- 


1325 


Mav 11 - 


1342 


Apr. 15 j 


1355 




Mar. 17 j 



“ (''ow 1156 , which had been vaccinated on Dec. 13, 1926, too late in pregnancy to be used in another 
experiment for which she was intended, was allowed to produce her calf, again bred Apr. 5, 1927, and added 
to this group to replace an animal that proved to be pregnant. 


The cattle were served on the dates given in Table 1. With the 
exception of control cow 1248, all the animals in the experiment 
conceived within a period of 63 days of one another. 

To test the virulence of the three vaccines, each was injected sub- 
cutaneously into 12 guinea pigs, the doses varying from %a to%cc for 
the swine strain and virulent bovine strain, and from to 2 c c for the 
ayinilent bovine strain. All guinea pigs receiving the swine and 
virulent bovine strains developed lesions of abortion disease charac- 
teristic of the respective types. None of the guinea pigs that received 
the avirulent bovine stram developed lesions. 
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EXPOSURE OP ANIMALS TO BRUCELLA ABORTUS 

The four ^dups of animals were given six exposures to Brucella 
abortus infection by ingestion at intervals of from 7 to 17 days within 
a period of 65 days. The first of these exposures was made August 2, 
1927, at which time most of the animals were from three and one-half 
to four and one-half months pregnant. In addition to the ingestion 
exposures, two drops of the material used in making them were 
instilled into one eye of each animal on two of the dates, August 29 
and September 9, on which these exposures were made. 

It was intended to use the organs of aborted bovine fetuses for the 
exposures, but only one such fetus could be obtained for the last 
exposure. For the remaining five exposures, therefore, use was made 
of diseased organs of guinea pigs that had been inoculated with fetal 
and placental material from aborting cows and of recently isolated 
Br. abortus cultures. Cultures alone were used in making two of the 
exposures, and cultures and guinea-pig tissues in the remaining ones. 
Emulsions were made of the bovine fetal material and of the guinea-pig 
organs by grinding in a mortar. Enough 0.85 per cent salt solution 
was added to make the mass sufficiently fluid to pass easily through a 
syringe, after which it was strained through cheesecloth to remove 
coarser particles. The suspensions of Br. abortus were prepared by 
washing the growth from 6-day agar slants with 0.85 per cent salt 
solution. 

The exposures were made by placing the infectious material on the 
root of the tongue by means of a syringe. When the tissue emulsions 
were given, the dose was 40 c c. When the culture was given, the 
dose was equivalent to the growth on one agar slant suspended in 
40 c c of 0.85 per cent salt solution. When tissue emulsions and cul- 
tures were combined, Br. abortus was added at the rate of about half 
the growth on one agar slant per animal, the dose of the combined 
materials being 40 c c. 

Six guinea pigs were injected with each lot of material to test its 
virulence. These animals, in all cases, showed marked lesions of 
abortion disease when they were autopsied two months later. Had 
there not been doubt, at the time the exposures were made, of the 
virulence of the material used, fewer exposures would have been given. 

The results of the exposures of the animals in the different groups 
vaccinated before conception follow. Tests of placentae, uterine dis- 
charges, fetal organs, colostrum^ and milk were made for Br. abortus 
by guinea-pig inoculations unless otherwise noted. 

Group 1. Cattle Vaccinated with A virulent Bovine Strain 

Cow 1227. Aborted September 26, 1927, 56 days after first exposure and 171 
days after service, or in the sixth month of pregnancy; Br. abortus isolated from 
fetal organs by cultural methods; placenta and fetal organs produced typical 
abortion-disease lesions in guinea pigs; milk on November 23, 1927, and milk and 
supramammary glands on March 30, 1928, the date on which cow was killed, 
negative for Br. abortus. 

Cow 1366. Gave birth to premature calf, which lived about an hour, October 
11, 1927, 208 days after service and 70 days after first exposure; uterine discharges 
infected; milk positive for Br. abortus October 22, but negative November 22, 
1927, and January 11, 1928; o|*g:ans of calf negative for Br. abortus. 

Heifer 1341. Produced a fuli^rm (287-day; calf February 29, 192^ 211 days 
after first exposure; afterbirth normal in appearance and negative for Br. abortus; 
colostrum found to be infected March 1. 

Heifer 1344. Gave birth to calf January 17, 1928, 273 days after service and 
168 days after first exposure; calf died, without taking nourishment, a few hours 



709 


Dec. 16. i9it2 Efficacy of Brucella abortus as Immmiizmg Agent 


after it was born; afterbirth of normal appearance, passed normally, and nega- 
tive for Br. abortus: stomach fluid and organs of calf negative. Though the 
record of this cow is incomplete because no tests were made of her milk for 
Br. abortus, agglutination tests of her blood, shown in Table 3, strongly indi- 
cate that she did not become infected. The calf, though slightly premature, 
probably died because of exposure to cold. 

Heifer 1348. Gave birth to calf December 11, 1927, 247 days after service 
and 131 days after first exposure; calf died without taking nourishment; portion 
of afterbirth passed the next day had characteristic abortion-disease lesions; 
both it and organs of calf positive for Br. abortus; milk infected on 19 occasions 
and not infected on 2 others, at intervals from February 4 to November 28, 1928. 

Heifer 1369. Gave birth to apparently normal calf December 27, 1927, 273 
days after service and 147 days after first exposure; afterbirth much diseased 
and infected with Br. abortus: milk negative on February 25 and 28, 1928, but 
slightly infected March 3. 

GiiotTP 2. Cattle Vaccinated with Virulent Swine Strain 

Cow 1209. Aborted November 18, 1927, 245 days after service and 108 days 
after first exposure; placenta, fetal organa, and colostrum infected with Br. 
abortus: milk infected January 11 and 28 and February 4, 25, and 28, 1928. 

Cow 1 155. It was intended to use this animal in the experiment in vaccination 
after conception, but she was vaccinated so late in pregnancy that she produced 
a calf January 5, 1927, before she was exposed. She therefore received somewhat 
different treatment than the remaining animals in the group, being vaccinated 
23 days before parturition and 114 days, or nearly 4 months, before the next 
servdee. She produced ai)parently normal calf Januarv' 17, 1928, 287 days after 
service and 137 days after first exptisure; afterbirth of normal appearance and 
negative for Br. abortus: milk also negative on eight different days from Feb- 
ruary 25 to September 19, 1928, inclusive. 

Cow 1370. Gave birth to apparently normal calf January 12, 1928, 282 days 
after service and 163 days after first exposure; afterbirth of normal appearance 
and negative for Br. abortus; milk negative February 24 and 28 and March 3, 
1928, but when cow w^as killed April 28, 1928, milk taken from her udder and 
an emulsion of her suprarnammary glands produced abortion-disease lesions of 
the swine type in guinea pigs. 

Heifer 1346. Gave birth to apparently normal calf December 29, 1927, 276 
days after service and 149 days after first exposure; afterbirth passcfi normally 
and lost; uterine discharges negative for Br. abortus; milk negative on seven 
different days from January 11 to April 28, 1928, as were also the supramam- 
mary glands when the cow was killed April 28, 1928. 

Heifer 1350. Aborted October 19, 1927, 217 days after service and 78 days 
after first exposure; afterbirth retained; Br. abortus isolated from lungs, liver, 
spleen, and stomach fluid of fetus; afterbirth infected; milk negative for Br. 
abortus October 22, 1927, and January 11 and 28 and February 25, 1928. 

Heifer 1356. Aborted November 1,1927, 196 days after service and 91 days 
after first exposure; fetal organs and uterine discharges infected with Br. abortus, 
but milk negative for this microorganism February 25 and 28 and March 3, 1928. 

Group 3. Cattle Vaccinated with Virulent Bovine Strain 

Cow 1142. Gave birth to apparently normal calf January 11, 1928, 281 days 
after service and 162 days after first exposure; afterbirth passed normally, of 
normal appearance, and negative for Br. abortus, but milk found to be infected 
with this microorganism January 28, February 25 and 28, and March 3, 1928. 

Cow 1362. Gave birth to apparently normal calf December 30, 1927, 283 
days after service and 150 days after first exposure; afterbirth passed normally, 
of normal appearance, and negative for Br. abortus; milk also negative January 
28, February 4 and 28, and March 3, 1928, but produced slight abortion-disease 
lesions in one of two guinea pigs inoculated February 25, 1928. 

Cow 1366. Died of enteritis October 7, 1927, 66 days after first exposure; 
uterus contained a 6-month fetus; uterus and contents apparently normal; guinea 
pigs inoculated from fetal organs, placenta, udder, and suprarnammary glands 
all remained normal. 

Heifer 1345. Gave birth to apparently normal calf December 31, 1927, 278 
days after service and 151 days after first exposure; afterbirth passed normally, 
of normal appearance, and negative for Br. abortus; milk also negative January 
11, February 28, March 3, and October 12, 1928. 

Heifer 1847. Gave birth to apparently normal calf February 15, 1928, 275 
days after service and 197 days after first exposure; afterbirth passed normally, 
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of normal appearance, and negative for Br, abortus; milk negative February 24 
and March 3, 1928. 

Cattle 1142, 1362, 1345, and 1347 wore again served within the 
first and second quarters of 1928 and were exposed during the periods 
of gestation which followed, along with cattle in another experiment 
and their controls. The exposures were made on August 3 and 9, 
when the animals were in their fifth, fifth, third, and fourth months of 
gestation, respectively. The exposure was sufficiently severe to 
cause two of five controls to become infected, one of which aborted 
and the other gave birth to a weak calf on the two hundred and 
fifty-eighth day of her gestation period. All four of the vaccinated 
animals in group 3, though they had received no protective treat- 
ment after vaccination and exposure, produced apparently normal, 
full-term calves. Guinea pigs inoculated with portions of placenta 
and uterine discharges from three of the cows were negative for Br, 
abortus on autopsy. No inoculations were made from the placenta 
of cow 1345, since her blood was negative to the agglutination test 
and had been so for more than six months. The colostrum of cow 
1142 contained Br. abortus ^ hut that from cows 1347 and 1362 did 
not, as shown by guinea-pig inoculations. The infection of the udder 
of cow 1142 dated from either the exposure or vaccination of the 
previous year, probably the latter, since her blood reaction persisted 
in a titer of 1 to 800 or higher after vaccination. 

Group 4. Control Cattle 

Cow 1248. Aborted February 23, 1928, 230 days after service and 206 days 
after first exposure^ afterbirth had characteristic lesions of abortion disease; 
stomach and intestinal fluids and organs of fetus and placenta infected with 
Br. abortus; milk infected February 24 and 28 and March 30; cow was killed 
March 30 and her supramammary glands found to be infected. 

Cow 1340. Gave birth to apparently normal calf February 23, 1928, 285 days 
after service and 205 days after first exposure; afterbirth lost; uterine discharges 
all negative for Br. abortus as to lesions and agglutination test; milk negative 
February 28 and» March 3. 

Heifer 1322. Aborted December 4, 1927, 246 days after service and 124 days 
after first exposure; afterbirth showed typical lesions of abortion disease; in- 
numerable colonies of Br. abortus isolated from lungs of fetus; other organs and 
stomach and intestinal fluids of fetus and afterbirth infected with Br. abortus 
as was also milk January 11 and 28, February 4, 25, and 28, and March 3, 1928. 

Heifer 1323. Aborted December 9, 1927, 251 days after service and 129 days 
after first exposure; afterbirth showed characteristic abortion-disease lesions; 
afterbirth infected with Br. abortus as were also organs and stomach and intestinal 
contents of fetus: no milk tests were made. 

Heifer 1326. Aborted November 10, 1927, 183 days after service and 100 days 
after first exposure; afterbirth lost but uterine discharges characteristic of Br. 
abortus infection, and this microorganism isolated by cultural methods from stom- 
ach fluid, spleen, and lungs of fetus; uterine discharges infected but milk not 
infected November 22, 1927, the only time that it was tested. 

Heifer 1342. Aborted November 12, 1927, 211 days after service and 102 days 
after first exposure; organs and stomach fluid of fetus and placenta and colostrum 
infected with Br. abortus; milk also infected November 22, 1927, February 26 
and 28, March 3, August 11 and 29, October 20, 22, 23, 26, and 31, November 2, 
7, 10, 15, and 20, 1928, producing marked lesions in all guinea pigs inoculated. 

Heifer 1355. Gave birth to apparently normal calf December 19, 1927, 277 
days after service and 139 days after first exposure; afterbirth passed normally, 
of normal appearance, and negative for Br. abortus; milk slightly infected Feb- 
ruary 25 but negative January 11 and 28, February 28, March 3, and April 12, 
1928. 

The results obtained in the tests with cows and heifers vaccinated 
before conception are presented in condensed form in Table 2. This 



Deo. 16 , 1932 Efficacij oj BrucelUi abortus as Immunizing Agent 


711 


summary of data permits a ready comparison of the four groups. In 
the last two columns showing the relative resistance and percentage 
of full-term calves which lived, the reader will observe that both the 
percentage of resistance to infection and the percentage of living 
calves are much higher in the cattle vaccinated with the virulent 
bovine strain than in those vaccinated with the virulent swine or the 
avirulent bovine strains, and very much higher than in the controls. 
Furthermore, the percentage of udder infection is less in the cattle 
vaccinated with the virulent bovine and swine strains than in the 
controls. The significance of the data, however, is obviously some- 
what limited because of the small number of cattle in the groups. 

Table 2. — Comparative resistance to Brucella abortus exposure of cows and heifers 
vaccinated with different strains of Br. abortus before breeding and those not 
vaccinated 


[Jroup 

No. 

C-attle 

Strain of vac<iine 

Abortions or 
premature 
calves 

Cows pro- 
ducing full- 
term calves 

Cows i)ro- 
ducing infected 
or noninfected 
n:ilk 

Cows 
entirel> 
resist- 
ing in- 
fection 1 

Full- 

term 

calves 

whic.h 

lived 

('aused 
by Hr. 
al)ortuS| 

Not 
cau.sed 
by Br. 
abortus 

After- 

birth 

infected 

After- 
birth 
not in- 
fected 

In- 

fected 

Nonin- 

fected 


Number 


Number 

Number 

Number 

Number 

Number 

Number 

Per cent 

I'er cent 

1 

ft 

Avirulent bovine 

3 

1 

1 

1 

3 

a2 

>> 33. 3 

33. 3 

» 


Virulent swine 

3 

0 

0 

3 

1 “ 

4 

33. 3 

50. 0 

{ 

‘‘t 

Virulent bovine 

0 

0 

0 

4 

2 

2 

50.0 

100. 0 

1 


None (control) 

5 

0 

0 

»2 

! M 

/2 

14.3 

2S.(> 


» No test was made of the milk of one of these aninisiLs, No, 1.341, but agglutination tests of her blood and 
all other tests regarding her indicate that sho entirely escaped infection, 
k No. 1344 considered as being negative. 

• Udder infection of 1 animal caiisc<l by vaccination and not by exposure. 

Originally 5 animals; 1 died, leaving 4 in the group as sources of data. 

• Afterl)irth of 1 animal lost but uterine discharges were negative for BrucUla abortus 
f TMilk oi 1 aborting animal was not tested. 

EFFECTS OF VACCINATION AND EXPOSURE ON AGGLUTININ CONTENT OF BLOOD 

Tables 3 to 6 give the results of agglutination tests made at intervals 
from the time of vaccination until after the termination of pregnancies. 
In general the tests were made in dilutions of 1:25, 1:50, 1:100, 
1:200, 1 :400, and 1 :800. In a few instances the dilution was carried 
to 1 : 1,600 and 1 : 3,200. In some cases, when it seemed certain that 
the 1 :25 dilution would not furnish additional data, it was omitted 
as were also the higher dilutions after the data obtained were deemed 
adequate. 

The vaccine prepared from the avirulent bovine strain of Br. 
abortus (Table 3) induced a well-marked agglutination titer in the 
blood in 8 days. The titer was at its maximum at that time and had 
either entirely subsided or reached a low point 45 days later, except in 
one animal, in which it subsided more gradually. 

The swine-strain vaccine (Table 4) induced the maximum agglu- 
tination titer in about 12 days and likewise soon began to subside, but 
did not so fully disappear as did the avirulent vaccine. The animal 
(No. 1370) in which the vaccine infected the udder retained a fairly 
high titer throughout the experiment. 

The maximum titer induced by the ^d^ulent bovine-strain vaccine 
(Table 5) was reached by the sixteenth day and in two animals showed 
no tendency to subside, indicating that the vaccine had invaded 
the udder. 



M.AouBi o, — nesuiis vj uygnmnuiwn lesis oj olooa sera oj came in group i {vaccinaiea wiin an aviruient oovine strain oj tSruceUa aJbortus 
before conception) when sera were in dilutions of 1:25, 1:50, 1:100, 1:200, 1:400, 1:800, 1:1,600, and 1:3,200, respectively^ 
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• Key: +=completeagglutiiiation; p=partial agglutination; s=slight agglutination; -=no agglutination; o=no test made in thisdilution. 

k Cow 1155 vaccinated Dec. 13. 'Jan. .5, calved. «< Oct. 19, aborted. • Nov. IS, aborted. /Nov. l, aborted. » Dec. 29. calved. * Jan. 12, calved. » Jan. 17, calved. 



Table 5. — Results of agglutination tests of blood sera of cattle in group S ( vaccinated with virulent bovine strain of Brucella abortus before 
conception) when sera were in dilutions of 1:25, 1:50, 1:100, 1:200, 1:400, 1:800, 1:1,600, and 1:3,200, respectively^ 
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Oct. 7, died. « Dec. 30, calved. <* Dec. 31, calved. c Jan. 11, calved. / Feb. 15, calved. 



Table 6. — Results of agglutination tests of blood sera of cattle in group 4 (controls) when serau-ere in dilutions of 1:25, 1:50, 1-100, 1:200, 

1:400, 1:800, 1:1,600, 1:3,200, respectively “ 
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TESTS OF TWO OF THE THREE VACCINES WHEN USED AFTER 

CONCEPTION 

METHOD AND TIME OF VACCINATION 

A second series of experiments was made to test the efficacy of the 
vaccines on pregnant cows and heifers. The avirulent bovine strain 
and the virulent swine strain previously described were used, but 
the virulent bovine strain was omitted because of the obvious likeli- 
hood that it would cause abortion in pregnant animals. The vac- 
cines were prepared in the same manner as before and were of about 
the same density. 

The animals in groups 1 and 2 were vaccinated on December 13, 
1926, except one animal in the latter group, which was vaccinated 
on December 8. Each animal in group 1 received 20 c c of the ayiru- 
lent bovine-strain vaccine subcutaneously, divided between two points, 
one in front of each shoulder. The total dose for each animal repre- 
sented the growth on two well-grown agar slants. Each animal in 
group 2 received the same quantity of the virulent swine-type vac- 
cine in the same manner, the dose in this case being equivalent to 
the growth on one and one-third agar slants. Twelve control guinea 
pigs that were injected subcutaneously with doses varying from % to 
2 c c of the avirulent bovine strain showed no abortion-disease lesions 
when killed. Six control guinea pigs, similarly injected, that received 
doses varying from one-sixteenth to one-fourth cubic centimeter of 
the swine-strain vaccine, developed well-marked and typical swine- 
abortion-disease lesions. 

The service dates of only two of the animals used in the experi- 
ment were available. The remaining animals were examined for preg- 
nancy a few days before the principals were vaccinated, and were esti- 
mated to have been pregnant for the period shown in Table 7. 

Table 7. — Dates of vaccination and breeding of pregnant experimental cattle^ 19^6 
GROU> l.-VAOCliVATEl) WITH AVIRULENT BOVINE STRAIN ^ 


1 

Animal No. 

1 

Date of breeding » 

Date of vaccination 

! 

Interval 

I between 
vaccina- 
tion and 
service “ 

■ 

Cow: ! 

1226- - 

Sept. H 1 - 

Dec. 13 

Days 

00 

1361 

.\ug. 15 

--do . 

120 

Heifer; 

1327 

do -- - 

..do 

120 

1367 - 

July 16 — - 

do - 

1.50 





GROUP 2.~VAGOtNATED WITH VIRULENT SWINE STRAIN 


Cow: 1364.. 

Aug. 30 . 

Dec. 13 

Heifer: 

1301 

Sept. 14 

-do .. .. - 

laio 

Aiifi. 15 

do 

1351 

Sept. 14 

Dec. 8 

1358 

Sept. 20 - . 

Dec. 13 - _ 

13726 

May 1 

do ... - --- __ 





“Dates and Intervals between vaccination and service for cows 1174 and 1338 are exact, those for the 
remaining animals are appro.xImate. 

* This animal later was replaced by heifetr 1361. 
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Table 7 . — Dates of vaccination and breeding of pregnant experimental cattle, 
1926 — Continued 

QKOUP S.-CONTUOLS, NOT VACCINATED 


Animal No. 

Date of breeding 

Date of vaccination 

Interval 
between 
vacelna> 
tion and 
service 

Cow: 

1174 

Sept. 10 


Days 

1338 

Oct. 13. 



Heifer: 

1300 

Sept. 14 



1352 

.\ug. 30 



1357 

Oct. J 



1371 

Sept. 8 








On December 14 and 15 some of the vaccinated cattle had elevated 
temperatures, but none were visibly sick. The local reactions were 
not very marked and subsided after a few days. 

On January 5, 1927, cow 1155 of group 2 gave birth to an appar- 
ently normal calf; the afterbirth passed normally and was lost, but 
guinea pigs inoculated with uterine discharges remained normal. Milk 
on January 22, 1927, was negative for Br. abortus, by *guinea-pig 
inoculations. On January 5, heifer 1343, of group 1, also gave birth 
to an apparently normal calf; the afterbirth was normal in appearance 
and negative for Br. abortus, by guinea-pig inoculations. Milk on 
January 22, 1927, also was negative for Br. abortus, by guinea-pig 
inoculations. Since both of these animals gave birth to calves before 
they were exposed, they were removed from this experiment. 

EXPOSURE OF ANIMALS TO BRUCELLA ABORTUS 

The animals in all three groups were given the same exposure, ex- 
cept that heifer 1351, which replaced heifer 1372, did not receive the 
first exposure, and heifers 1352 and 1371 were not given the last ex- 
posure, since their pregnancies terminated before it was made. The 
series of exposures extended over a period of 71 days. 

In the first exposure, January 14, 1927, 5 c c of an emulsion of liver 
and stomach and intestinal contents of a bovine fetus, aborted as a 
result of natural infection, was placed on the root of the tongue of 
each animal in the three groups by means of a syringe with a piece of 
rubber tubing attached to its nozzle. Brucella abortus was isolated 
from the organs of the fetus, and 12 guinea pigs inoculated subcutane- 
ously with from one-sixteenth to one-fourth cubic centimeter of the 
emulsion used in making the exposure developed typical bovine-abor- 
tion-disease lesions. The procedure was repeated on the following 
day, thus making the exposure of composite nature. Six guinea pigs 
inoculated with the emulsion on that day showed well-marked abortion- 
disease lesions at autopsy. 

On February 5, 1927, heifer 1372 of group 2 gave birth to a nor- 
mal calf; afterbirth was normal, and guinea pigs inoculated with it 
remained normal. As only 22 days had elapsed smee exposure, this 
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heifer was replaced by heifer 1351. Heifer 1351 was vaccinated about 
five days earlier than the other animals in group 2, but otherwise re- 
ceived the same treatment. 

In the second series of exposures, February 8, 9, and 10, 1927, each 
animal in the three groups was given, in the same manner as in the 
previous exposure, 10 c c of an emulsion of placenta of a cow that 
produced a premature calf which lived only about 24 hours. The 
placenta had the characteristic appearance of one infected with Br, 
abortus, and guinea pigs inoculated with the emulsion of it on each of 
the days it was given to the cattle developed abortion-disease lesions. 

In the third series of exposures, February 23, 24, 25, 26, and 27, 
1927, each animal of the three groups was given 20 c c of an emulsion 
of organs and stomach fluid of a bovine fetus, aborted as a result of 
natural exposure. Guinea pigs inoculated on each of these days with 
emulsion developed abortion-disease lesions. 

In the fourth exposure, March 19, 1927, each animal in the three 
groups received 20 c c of an emulsion of organs and stomach fluid of 
a fetus from a cow that had been artificially infected to obtain ma- 
terial for exposure. In addition, two drops of the stomach fluid was 
placed in one eye of each of the cattle. Inoculation of guinea pigs 
proved the emulsion to be infectious but not markedly so. 

In the fifth exposure, March 26, 1927, each animal in the three 
poups, except heifers 1352 and 1371 of group 3, whose pregnancies 
had terminated before the exposure was made, was given 20 c c of 
stomach fluid of the fetus from a cow that aborted on March 22, 1927. 
Guinea-pig inoculations showed that the material was thoroughly 
infectious. 

The results of the exposures of the animals in the diflerent groups 
vaccinated after conception follow. Tests of placentae, uterine dis- 
charges, fetal organs, colostrum, and milk were made for Br. abortus 
by guinea-pig inoculations unless otherwise noted. 

Group 1. Cattle Vaccinated with Avirulent Bovine Strain 

Cow 1226. Gave birth to normal calf June 27, 1927, 164 days after first expo- 
sure and 93 days after the last; afterbirth normal in appearance but infected 
with Br. abortus; milk, however, negative for this microorganism on July 11, 14, 
and 20 and October 6, 1927, and on January 12 and 28, February 25 and 28, and 
March 3, 1928. 

Cow 1361. Aborted a small, lYz to 8 months’ fetus April 20, 1927, 96 days 
after first exposure and 25 days after the last; afterbirth not firmly retained but 
infected with Br, abortus; stomach fluid and organs of fetus not infected; milk 
not infected July 11, 14, and 20, and November 23, 1927, and January 12 and 28, 
and February 4, 1928; again became pregnant and on June 5, 1928, gave birth 
to apparently normal calf; afterbirth negative for Br. abortus. 

Heifer 1327. Gave birth to apparently normal calf May 24, 1927, 130 days 
after first exposure and 69 days after the last; a few cotyledons of the placenta 
showed lesions of abortion disease and were found to be infected, as was also the 
milk July 11, 14, and 20, 1927. Cow was killed August 4, 1928; autopsy showed 
all organs to be apparently normal but supramammary glands proved to be 
infected with Br. abortus. 

Heifer 1367. On April 5, 1927, udder developed, and at times from April 6 to 
10 discharges from the vagina; on April 6 and 9 discharges used to inoculate 
guinea pigs but without infecting them. Gave birth to apparently normal calf 
April 25, 101 days after first exposure and 30 days after the last; afterbirth 
normal and proved to be negative for Br. abortus; milk negative for this micro- 
organism July 11, 14, and 20 and November 23, 1927, and January 12 and 28, 
February 4, 25, and 28, and March 3, 1928. Gave birth to another apparently 
normal calf August 1, 1928; afterbirtn negative for Br. abortus. 
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Giioup 2. Cattle Vaccinated with Viuhlent Swine Strain 

Cow 1304. Gave birth to apparently normal calf June 10, 1927, 147 days 
after first exposure and 76 days after the last; afterbirth of normal appearance 
and 12 guinea jiigs inoculated from it remained normal. Milk negative for Br, 
abortus July 11, 14, and 20, and November 23, 1927, and January 12 and 28, 
February 4, 25, and 28, March 3, May 8, 11, and 16, June 22, 26, and 29, and 
September 19, 1928. 

Heifer 1301. Gave birth to apparently normal calf June 29, 1927, 156 days 
after first exposure and 85 days after the last; afterbirth apparently normal but 
4 of 10 guinea pigs inoculated from it became infected. Milk negative for Br. 
abortus July 11, 14, and 20, and November 23, 1927, and January 12 and 28, 
February 4, 25, and 28, March 3, and May 8, 11, and 16, 1928. 

Heifer 1349. Gave birth to apparently normal calf May 18, 1927, 124 days 
after first exposure and 53 days after the last; afterbirth appeared normal, and 
proved to be negative for Br. abortus; milk also negative July 11, 14, and 20, and 
November 23, 1927, and January 12 and 28, February 4, 25, and 28, March 3, 
May 8 and 11, June 22, 26, and 29, and September 19, 1928. 

Heifer 1351. Gave birth to apparently full-term calf June 24, 1927, 136 days 
after first exposure and 90 days after the last; afterbirth apparently normal 
except for what seemed to be very small necrotic areas at the borders of several 
of the cotyledons. Ten guinea pigs inoculated with fragments of these cotyledons 
failed to develop lesions of abortion disease. Milk negative for Br. abortus 
July 11, 14, and 20, and November 23, 1927, and January 12 and 28, February 4, 
25, and 28, March 3, May 8 and 11, June 22, 26, and 29, and September 19, 1928. 

lleifer 1358. Gave birth to small but strong and apparently full-term calf 
May 5, 1927, 111 days after first exposure and 40 days after the "last; afterbirth 
apparentlj^ normal and proved to be negative for Br. abortus. Milk on July 11 
and 14, 1927, produced lesions of the kind caused by the swine type of Br. abortus 
in guinea pigs; on July 20, 1927, very marked swine-type lesions with orbital 
abscesses; on October 6, 1927, and January 12 and 28, and February 4, 1928, 
lesions of the swine type; and on January" 7, 1931, more than four years after 
vaccination, milk still infected with the same type of Br. abortus. Calf was 
killed October 10, 1927; guinea pigs inoculated from portal and mesenteric and 
pharjrngeal glands negative for Br. abortus. 

Heifer 1372. Gave birth to apparently normal calf February 5, 1927, 22 days 
after first exposure and before the second w'as made; afterbirth normal in appear- 
ance and negative for Br. abortus; milk negative March 22 and 26, April 2 and 6, 
July 11, 14, and 20, 1927, and May 8, 11, and 16, June 22, 26, and 29, and Septem- 
ber 5, 1928. Animal w'as killed September 5, 1928; supramammary glands 
negative for Br. abortus. 


Group 3. Control Cattle 

Cow' 1174. Gave Vjirth to apparently normal calf June 15, 1927, 162 days after 
first exposure and 81 days after the last; afterbirth retained but proved to be 
negative for Br. abortus; milk also negative July 11, 14, and 20 and November 
22, 1927. 

Cow 1338. Aborted June 9, 1927, 146 days after first exposure and 75 days 
after the last; afterbirth showed characteristic abortion-disease lesions, and was 
found to be infected with Br. abortus as were also the organs and stomach fluid of 
the fetus; milk negative for Br. abortus July 11, 14, and 20 and November 22, 1927, 
and January 11 and 28, February 25 and 28, and March 3, 1928. 

Heifer 1300. Aborted April 4, 1927, 80 days after first exposure and 9 days 
after the last; afterbirth retained and proved to be infected with Br. abortus as 
were also the organs and stomach fluid of the fetus; and this microorganism was 
Isolated from the lungs, liver, spleen, and stomach fluid of the fetus by cultural 
methods. Milk proved to be infected April 6 but not infected July 11, 14, and 20. 

Heifer 1362. Aborted a fetus, about months developed, March 22, 1927, 
67 days after first exposure and 4 days before the last; afterbirth firmly retained 
and proved to be infected with Br. abortus, as were also the organs and stomach 
fluid of the fetus; milk infected March 26, April 2, and July 20. 

Heifer 1357. Gave birth to full-term calf July 12, 1927, 179 days after first 
exposure and 108 days after the last; afterbirth passed normally and negative for 
Br. abortus; milk also negative July 14 and 20, 

Heifer 1371. Gave birth to apparently normal calf March 26, 1927, 71 days 
after first exposure and on the day of the last exposure but before it was made; 
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afterbirth passed normally but showed lesions resembling those of abortion 
disease and proved to be infected with Br, abortus; milk infected April 2 and 6 and 
July 14, but not infected July 11 and 20 and November 23. 

The results of exposing vaccinated and unvaccinated pregnant 
cows and heifers to Br, abortus are shown in condensed form in 
Table 8. 


Table 8. — Comparative resistance to Brucella abortus exposure of pregnant cows 
and heifers vaccinated after breeding with different strains of Br, abortus and those 
not vaccinated 


Group 

Cattle 

Strain of vaccine 

Abortions or ] 
premature I 
calves ! 

Cows produc- 
ing full-term 
calves 

Cows produc- 
ing infected or 
uoninfected 
milk 

... . 

(.?ows 
entirely 
resist- 
ing in- 
fection 

Pull- 

term 

calves 

which 

lived 

No. 

Caused 
by Br. 
abortus 

Not 
caused 
by Br. 
abortus 

After- 

birth 

infected 

1 

After- 
birth 
not in- 
fected 

In- 

fected 

Nonin- 

fected 

1 

Number 

4 

A virulent bov ine. . . , 

Number 

1 

Number 

0 

Number 

2 

Number 

1 

Number 

Number 

3 

Per cent 
25 

Per cent 
75 

2 

« S 

Virulent swine 

0 

0 

1 

4 

1 

4 

60 

100 

3 

G 

None (control) 

3 

0 


2 

3 

3 

33.3 

I 

SO 


•Heifer 1372, which calved 22 days after a single exiwsure, is not included but the animal that replaced 
her is. 

^ Udder Infection caused by vaccination and not by exposure. 


EFFECTS OF VACCINATION AND EXPOSURE ON AGGLUTININ CONTENT OF BLOOD 

Tables 9, 10, and 11 give the results of agglutination tests made at 
intervals from the time of vaccination untu after the termination of 
pregnancies. In general the tests were made in dilutions of 1:25, 
1 :50, 1 ; 100, 1 :200, 1 :400, and 1:800. In a few instances the dilution 
was carried to 1:1,600 and 1:3,200. In some cases, when it seemed 
certain that the 1:25 dilution would not furnish additional data, it 
was omitted as .were also the higher dilutions after the data obtained 
were deemed adequate. 

It will be seen in Tables 9 and 10 that agglutinins appeared in the 
blood of all the vaccinated animals in about a week and had become 
markedly reduced about 47 days later except in the case of heifer 1358, 
whose udder became infected with the vaccine. 

Attention is called to the close agreement between the blood titers 
and bacterial findings in Table 10. The titers of the blood of each 
animal in the group, except the animal whose udder became infected 
with the vaccine, gradually fell to a low point and did not again appre- 
ciably increase. 

Table 11 shows that the long-continued exposure had little power 
to bring out reactions, even in low titer in the two controls that did 
not become infected, and that the time of appearance of agglutinins 
after exposure may vary soniewhat. 
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Table 9. — Results of agglutination tests of blood sera of cattle in group 1 {vaccinated 
with a virulent bovine strain of Brucella abortus during pregnancy) when sera 
were in dilutions of 1:26, 1:50, 1:100, 1:200, 1:400, 1:800, 1:1,600, and 1:3,200, 
respectively ® 


Date of vaccination 
and first and last ex- 
posure 

Date of 
agglutina- 
tion test 

Cow 1226 

Cow 1361 

Heifer 1327 

Heifer 1307 


1926 

Nov. 22 
(Dec. 13 
Dec. 16 
Dec. 20 
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Table 10. — Results of agglutination tests of blood sera of cattle in group 2 {vaccinated with virulent swine strain of Brucella abortus during 
pregnancy) when sera were in dilutions of l:25j 1:50, 1:100, 1:200, 1:400, 1:800, 1:1,600, and 1:3,200, respectively^ 
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SUMMARY AND CONCLUSIONS 

Experiments were made to determine the efficacy of three strains of 
Brucella abortus as immunizing agents against infectious abortion. 
The strains tested were an avirulent bovine strain, a virulent swine 
and a virulent bovine strain. The results of these experiments indi- 
cate that the strain of bovine Br. abortus avirulent for guinea pigs or 
the virulent swine strain, when administered to cows and heifers 
three to five and one-half months before service, afforded only slight 
protection against repeated exposure to Br. abortus as compared with 
that induced by the virulent bovine strain. When given after con- 
ception the avinilent bovine strain seemed to increase resistance to the 
progress of the disease and the swine strain appeared to give a defi- 
nite immunity. However, the latter strain is likely to infect the udder 
for long periods and hence its use for vaccinating cattle, because the 
swine strain of Br. abortus is generally believed to be more dangerous 
to human health than the bovine, is out of the question. 

These findings throw light on the relation of swine strains of Br. 
abortus bovine and show the danger of infecting the udder with a swine 
strain of Br. abortus if it should, by accident, find its way into vaccine. 

Neither the avirulent bovine nor the virulent swine strain of vac- 
cine, administered from three to five and one-half nionths before 
breeding, produced much more than a slightly greater resistance to the 
long-continued severe exposure given than that possessed by the con- 
trols; nor did either of the vaccines prevent the udders from becom- 
ing infected. In one instance the swine strain of vaccine caused 
udder infection. 

A vaccine prepared from virulent bovine Br. abortus afforded a 
marked resistance to abortion and uterine infection under the same 
conditions as those of the two previously mentioned strains but either 
did not prevent udder infection or was the direct cause of it in half the 
animals that completed the experiment. Udder infection, however, 
was greater airibng the controls. The accidental use of this vaccine 
on a pregnant heifer caused her to abort. 

BruceUa abortus of the swine type, when used as vaccine before con- 
ception, may invade the udder and associated lymph glands and per- 
sist there for at least one and one-third years, and if administered to 
pregnant cattle may also invade the udder and persist there, without 
appreciable change in character, for at least four years. 




DISTRIBUTION OF THE COTTON ROOT-ROT FUNGUS 
IN SOIL AND IN PLANT TISSUES IN RELATION TO 
CONTROL BY DISINFECTANTS ^ 

By C. J. Kin(3, Agronomist, and Claude Hope, Junior Horticulturist, Division of 
Cotton, Rubber, and Other Tropical Plants, Bureau of Plant Industry, United 
States Department of Agriculture 2 

INTRODUCTION 

The root-rot disease caused by the fungus Phymatotrichum, omniv- 
orum (Shear) Dug. is responsible for heavy losses in many of the 
economic plants grown in the Southwestern States. This fungus has 
a wide range of host plants but is less destructive to some species 
than to others. Some species possess powers of resistance apparently 
because of some peculiar histological structure of the roots, and 
others contain certain chemical substances which seem to repel the 
invasion of the fungus. Some of the trees and shrubs, because of 
their habit of developing extensive root systems, are able to resist the 
disease after attaining some degree of maturity. Even those that are 
highly susceptible often live for several months after becoming in- 
fected, and certain individuals may live for years because of some 
unusual distribution of their roots, which allow's part of them to 
escape infection. On account of these differences in resistive powders, 
it is not always possible to determine from the appearance of the 
tops whether the plants are infected. 

It is often desirable for the plant grower or the investigator to 
determine the actual limits of areas that are infested with the root- 
rot fungus. Whore field crops such as alfalfa or cotton are growm 
continuously for several years this may be accomplished fairly accu- 
rately by mapping periodically the areas of dead plants. In plantings 
of trees and shrubs or in fallow' land, however, different methods are 
required. 

Incidental to an attempt to eradicate the root-rot fungus by the 
use of formaldehyde in an isolated area of approximately 5 acres, 
near Indio, Calif., in 1930, some information was secured which 
would appear to be of value in relation to any control methods or 
investigations that are undertaken. The practicability of mapping 
infested areas was indicated even where no infectea plants were 
present to serve as indicators. It w-as also brought out that hyphae 
that had gained entry into the interior tissues of large woody roots 
w'ere afforded protection against disinfectants for a long period. 

The discovery in 1928 of a sclerotium stage in the life history of 
the root-rot fungus led to an intensified study on the part of several 
investigators to determine the character of the sclerotial structures 
and their relation to the dissemination of the disease and its carry- 
over from one season to another. 

The production of sclerotia in pure cultures at Sacaton, Ariz., in 
1928, was first reported by King and Loomis {S) ^ in 1929. Neal {6) 
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and later Dana (jf) and Taubenhaus and Ezekiel {8) reported the 
finding of sclerotia under natural conditions in the soil in Texas. 
Further contributions by Taubenhaus and Ezekiel (.9), Dana {2)^ and 
King, Loomis, and Hope {4) have furnished additional information on 
the properties of sclerotia. Some investigations conducted in Arizona 
in 1930 and 1931 on the distribution of sclerotia in soil where various 
types of host plants were grown are reported as a part of this paper. 

METHOD OF MAPPING INFESTED AREAS 

Soon after the identification of the root-rot fungus in an isolated 
area near Indio, Calif., in 1928, some preliminary measures were 
taken to prevent further spread. 

Before an adequate survey was made to delimit the infested area, 
trenches were dug a few feet outside the supposed limits of the in- 
fested spots, with the idea that they might serve as barriers against 
further spread of the fungus. Only such areas were included within 
the trenches as showed the disease by aboveground symptoms on the 
susceptible plants. 

It soon became apparent that many of the trenches were within 
the infested area. When moisture conditions in the trenches became 
favorable, spore mats appeared in many of them, even at some dis- 
tance from growing plants. (Fig. 1.) On part of the area a second 
line of trenches was later dug farther out, but in these also spore mats 
appeared in some places. Although the open trenches were not in- 
fallible guides to the presence of the disease where no plants were 
present, their value in this respect was well demonstrated. 

When it was decided to treat the entire infested area with a dis- 
infectant, a survey was made by excavating and examining the roots 
of plants in areas where the presence of the disease was suspected. 
The inspectors were aided in this work by the fact that the entire 
area of about 5 acres was more or less permeated by the roots of sus- 
ceptible trees. " In parts of the area, the trees themselves were still 
standing, and in other places they had been removed some months 
or even years previously. It was possible to find living or dead roots 
in almost every excavation. 

By making a large mmiber of excavations and charting each spot 
in which infected roots were found, it was possible to obtain a fairly 
good idea of the limits of the disease; it was discovered that the 
infestation involved an almost continuous area instead of being con- 
fined to disconnected spots as indicated by the dead trees and crop 
plants. 

Two parallel rows of large pistache trees {Pistacia atlanticaDesi,) 
showed no evidence of disease aboveground, but excavations proved 
that two trees at each end of the avenue had infected roots, parts of 
which extended into an adjacent date orchard. Similar evidence was 
found along a hedge of large athel trees {Tamarix aphylla (L.) Karst,). 
No direct evidence was found that the athel roots were attacked, but 
the presence of the fungus on the surface of some of the roots and the 
occurrence of the disease in test crops in adjacent land beyond the 
athel hedge indicated that the roots may have served as a host. 
The roots of other species of Tamarix in a mixed planting which 
formed a hedge about 100 feet long at the northwest corner of the gar- 
den, were found to be seriously imeeted, although no* trees had died. 
Large portions of the roots of these trees throughout the length of the 
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hedge were rotted away and showed many fragmentary strands of 
Phymato trichum. 

Under the conditions at Indio the fungus apparently may exist in 
an active state for a long time on the roots that are left in the soil 
after the aerial parts are removed. The experience in this case sug- 
gests the great importance of learning the lustory of an infested area 
before planning experiments or attempting control measures, and 
indicates the feasibility of detecting the presence of the disease in 
the absence of indicator plants by a proper survey and examination 
of the roots within the suspected area. 

CONDITIONS INFLUENCING THE EFFECTIVENESS OF 
DISINFECTANTS 

Experiments conducted in an attempt to eradicate spots of root rot 
by applying disinfectants to the soil brought out the fact that the 
mycelium that had penetrated into the inner tissues of roots was 
protected against disinfectants and that this protection offered one 
of the most serious obstacles to the success of control measures. The 
existence of protected hyphae was first recognized in making cultures 
of the root-rot fungus from interior tissues of large roots at Indio, 
Calif. 

Wliere the soil is permeable to solutions, sclerotia and exposed 
strands are readily destroyed by formaldehyde (4). Laboratory tests 
showed that the germinating power of sclerotia of average size (about 
2 mm) was destroyed when they were iinniersed in a I per cent 
solution of commercial formaldehyde (formalin) for about 45 minutes. 
The sclerotia were likewise killed after 3 hours when placed 6 inches 
deep in cans of soil that had been recently treated with a 1 per cent 
solution of formalin. 

On tTanuary 29, 1931, about 70 sclerotia, from 2 to 4 mm in diameter, 
were removed from four or five borings in part of the area at Indio 
that had been treated about 10 months previously with a V/i per cent 
solution of formalin. The majority of these sclerotia were soft and 
shrunken and in a state of decomposition. About 20 of the largest 
and most turgid individuals were tested for germination, but all of 
them failed to grow. On June 2, 1931, 118 sclerotia from the treated 
area were examined, and all proved to be dead; most of them were 
badly decayed. 

The mycelium that had penetrated the tissues of plant roots, how- 
ever, was not so readily destroyed. A period of 6 hours was required 
to kill the hyphae in sections of fig {Fwus carica L.) and chinaberry 
{Melia azedarach L.) roots, one-halt to three-fourths inch in diameter, 
immersed in a IK per cent solution of foiroalin. A period of 12 hours 
was required to kill the mycelium in K*ittch cotton roots placed in a 
soil that had been treated with a 1 per cent solution of formalin. 

At Indio the attempt to eradicate the root-rot fungus was carried 
out under the direction of F. A. Thackery in cooperation with the 
Califoimia State Department of Agriculture (J). The method con- 
sisted in introducing a IK per cent formalin solution under pressure 
by means of injector nozdes on the ends of K-inch gas pipes, which 
were inserted gradually into the soil to a depth of 6 feet. (Fig. 2.) 
The injections were made 1 foot apart, and 6 gallons of solution was 
introduced at each injection. 
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The soil in the infested area consists of a very fine sand that extends 
to great depths; its permeable character makes it especially favorable 
for the uniform distribution of the solution. 

In order to obtain some idea of the effectiveness of the treatment 
against mycelium that had penetrated the inner tissues of roots in 
the soil, large numbers of root sections of fig, pistache, and chinaberry, 
from three-eighths to 


I inch in diameter, 
were sterilized in an 
autoclave and infect- 
ed with tlie root-rot 
fungus. After the 
fungus had developed 
and maintained a pro- 
fuse growth for about 
5 days, each section 
was tagged, some were 
wrapped in filter 
paper, and all of them 
were inserted in the 
soil at depths of from 
1 to 7 feet. (Fig. 3.) 

The formalin solution 
was injected over 
them in the regular 
manner, after which 
specimens were re- 
moved at intervals of 
1 to 30 days and test- 
ed to determine 
whether the fungus 
remained alive. A 
i-evived growth of the 
fungus resulted from 
most of the root sec- 
tions removed during 
the first 12 days after 
treatment, but only 
25 to 30 per cent of 
those that were left 
in the soil from 12 to 
30 days showed fur- 
ther root-rot growth. 

In another test, fig 

an A Fioube 2.— Introducing fortnalm solution into an infested area in an 

ana enmaberry roots effort to eradicate the root-rot fungus 

1 to 2 inches in diam- 
eter were cut into sections about 3 inches long. A hole about 1 inch deep 
was made in one end of each with a %-inch drill bit. After the sections 
had been sterilized, root-rot infected root tissues were inserted in the 


holes, wliich were then stoppered tightly with corks, and the stoppered 
ends sealed with paraffin. (Fig. 4.) They were then inserted in the 
soil in the manner described above and the formaldehyde treatment 
applied. 


r with corks, and the stoppered 
Phey were then inserted in the 
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Specimens were removed from the soil for examination at intervals 
varying from 10 to 30 days. The fungus was still alive in all the 
specimens; in most cases it was found that the mycelium had grown 
through the conducting vessels of the roots and had escaped at the 
unsealed end of each section, where it developed a dense growth that 
in some cases almost covered the entire root section. Contaminations 

were found on some of the sections, 
but the root-rot mycelium was the 
predominating growth. 

This behavior is in accord with 
the observations of Peltier, King, and 
Samson (7), who reported the presence 
of hvphae in the outer xylem vessels 
of alfalfa roots 50 cm beyond the dis- 
eased portions. Under natural con- 
ditions it is quite possible that hyphae 
find their way through deep lesions 
or wounds into the conducting ves- 
sels of many woody roots and extend 
far into the healthy tissues. Under 
such conditions they would probably 
be protected for long periods against 
any disinfectants that might be ap- 
plied to the soil. 

On January 29, 193 1, a large mimber 
of roots and root fragments were exhumed in the area that had received 
the formaldehyde treatment about 10 months previously. For the 
most part they were in a soggy condition unfavorable to the growth 
of the fungus. Fragments of strands were still visible on the surface 
of some, but these appeared to be dead and in a state of decomposition. 



Figure 3.— Cultures of the root-rot fungus on 
roots of chinaberry and of fig. These were 
placed in the soil at various depths to test 
the effects of the formalin solution 



Figure 4.— Roots of fig and chinaberry with root-rot inoculum stoppered inside the tissues. 
These were placed In the soil at various depths to test the effects of the formalin solution 


VIABILITY AND PROPAGATIVE POWERS OF SCLEROTIA 

In a previous publication, King, Loomis, and Hope (4) reported 
successful inoculation of cotton plants with sclerotia 11 months old 
and described a budding process by which the viability of sclerotial 
masses was believed to be prolonged. 

On May 6, 1931, a test was made to determine whether any of the 
sclerotia were viable in a culture jar of sand and cotton roots that had 
been kept in the laboratory since the sclerotia were first noted on 
October 29, 1928, over two and one half years before. Water had 
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been added to this jar about eight months after the culture was pre- 
pared, but after that it had received no attention. A little moisture 
was present in the sand at the time the sclerotia were tested. A 
few of the sclerotia showed signs of decomposition, but the majority 
were still well preserved. Thirty-one of the latter were placed on 
moist filter paper in Petri dishes and incubated. Within a few days 
all of them had germinated and produced a vigorously growing 
mycelium. 

In December, 1930, a test was conducted to determine w^hether 
sections and fragments of sclerotia possessed the powers of germina- 
tion and growth shown by entire individuals. Taubenhaus and 
Ezekiel {8) reported that the same sclerotia would produce growth 
as many as five times after the previous growth had been removed, 
and it seemed possible that hyphal growth might issue from almost 
any part of the structures. Accordingly, 40 large, well-developed 
simple sclerotia that had recently been taken from infested soil were 
selected for the test. After they had been washed in mercuric chloride 
solution and sterile w^ater they were divided into three lots. From 
each of the 20 sclerotia in lot 1 the thin outside coat was carefully 
cut away, so that as little as possible of the inner tissue was removed in 
the process. From the 5 individuals in lot 2, thin cross sections were 
made with a scalpel. Ten of these sections and 42 of the -fragments 
removed from the first group were then selected at random for testing. 

Lot 3, consisting of the remaining L5 untreated sclerotia, w as used as 
a check. All three lots were than placed on sterilized moist filter 
paper in Petri dishes and incubated. Within a few days, typical 
root-rot strands had grown from 19 of the 20 sclerotia from which 
the outside tissue had been removed, the 52 fragments and sections 
had germinated, and the 15 sclerotia used as a check had produced 
vigorous growth. (Fig. 5.) The growth from the fragments and 
peeled^’ sclerotia w^as hardly as vigorous as that from the unmuti- 
lated ones, but undoubtedly there would have been no difficulty in 
establishing cultures or in obtaining infection from this material. 
Later this experiment was repeated, and the results were practically 
the same. 

DISTRIBUTION OF SCLEROTIA IN INFESTED AREAS 

In 1928 repeated search was made for sclerotia in the soil of infested 
areas at Sacaton, Ariz. After several months some w’ere found, 
but only in parts of some areas and not at all in others. In most 
areas the color of the sclerotia w^as so similar to many of the soil 
particles that it was not practicable to distinguish between them in 
exarninii^ samples of dry soil by ordinary methods of dissection. A 
method was devised Mrhich made it practicable to separate the sclerotia 
from the soil particles so that they could be counted and estimates 
made of the number in an infected area. 

The procedure was as follows: Soil samples of equal volume were 
removed from definite zones at various depths by means of a trowel or 
post-hole auger. Each sample was placed in the top of a set of two 
sieves, each 12 inches square. The bottom of the upper sieve was 
made of hardware cloth of }i-inch mesh, and that of the lower sieve of 
20-mesh screen wire. (Fig. 6, A.) The finer soil particles were forced 
through the screens by water under pressure from a hose nozzle, 
leaving the larger particles, together with root fragments, on the top 
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FiqtJKS 6.— (Jermination of root-rot Bclorotia: A, 20 Bclerotia developing vigorous mycelial growth 
after mnoval of outside covering; B, sections of inside tissues and fri^ments of the covering or 
^'tieer* produd^ growth of root-rot mycdium; C, 16 whole sclerotla germinating to produce growth 
or root-rot myoelium 
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screen, and the sclerotia, with coarse sand and other d6bris, on the 
bottom screen. The sclerotia could then be picked out easily with 
forceps. (Fig. 6, B. ) 

When this method was first adopted, the soil was removed in layers 
4 inches thick and 12 inches sc^uare. In an infested cotton field 
examined in August, 1930, the 4-mch blocks were obtained in dupli- 
cate to a depth of 24 inches, and the two from the same depth were 
combined to form two-thirds of a cubic foot of soil. This was placed 
on the screens, and the sclerotia were separated by the washing proc- 
ess. The number of sclerotia contained in each 4-inch layer taken at 
depths of from 8 to 24 inches, was as follows: 

Depth in inches N urn her of sclerotia 

4-8 0 

8-12 11 

12-16_.- 226 

16-20 632 

20-24 152 



FuiURE 6.— A, Equipment used in separating; root-rot sclerotia from the soil to determine iheii 
size and number in infested areas; B, {rart of residue of coarse sand and sclerotia left on bottom 
screen after a l3*i)ound sample of infested soil had been washed t hrough the sci eens. The sclei otia 
are usually much darker than the soil particles and can l>e readily picked out from the residue with 
forceps. B about one-half natural size 

So many sclerotia were found in the layer between the depths of 20 
and 24 inches that probably other sclerotia would have been found 
below the latter depth if the excavations had been carried farther. 

In cultivated land, sclerotia were seldom found at a depth of less 
than 4 to 6 inches; therefore in most of the sampling operations, the 
topsoil to that depth was discarded. 

In January, 1931, several borings w^ere made for soil samples in an 
infested area in an alfalfa field near Coolidge, Ariz. The soil in this 
area is of the Mohave sandy loam type, containing much gravel and 
a high proportion of calcareous material locally known as caliche. 
The spot selected was almost semicircular in shape and about 20>^ 
feet in longest diameter. It was bordered by a fence separating 
two fields of alfalfa. A few of the alfalfa plants across the fence from 
the spot showed signs of infection, but the limits of infestation were 
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not well defined. Six borings (Nos. 1 to 6) wore made with a 7-inch 
posthole auger on the periphery of the circular spot along the margin 
of dead plants. (Fig. 7.) Hole 9 was located near the center, holes 
7 and 8 midway between the center and the periphery, and hole 10 
among live plants a few inches beyond the fence in the other field. 

On a later date three holes, designated as 1~A, 2-A, and 3-A, were 
made outside the margin of dead plants opposite holes 1, 2, and 3, 
respectively, so that their centers were 10 inches from the centers of 
the holes previously made. Three others, designated as 1-B, 2-B, 
and 3~B, were located still farther out among the living plants, so 


FENCE 



03-B 


Fiouke 7.— Diagram of a spot of root-rot infection in alfalfa, near Coolidge. Ariz., showing the 
location of the holes from which soil samples containing sclerotla were renioved with a 7-inch 
posthole auaer. Six holes (Nos. 1-6) were located along the margin of dead plants; hole 0, near 
the center; noles 7 and 8, midway between the center and the periphery; hole 10 among live 
plants; holes 1-A and 1-B; 2-A and 2-B, and 3- A and 3-B, among live plants, with centers 10 and 
20 inches from the centers of holes 1, 2, and 3, respectively. (Table 1.) Scale, l inch*»6 feet 

that their centers were 20 inches beyond the centers of holes 1,2, and 
3 on the margin. After the top 6 inches had been discarded, the soil 
from each 6-inch depth, representing about 13 pounds of soil, was 
placed in separate containers and conveyed to the laboratory for 
separation of the sclerotia by the washing process. Some of the holes 
were dug only 30 inches deep, but others were sampled to a depth of 
42 inches, and holes 2, 3, and 9 were 54 inches deep. The number of 
sclerotia found at different 6-inch depths in these first 10 holes that 
were dug is given in Table 1. Since only 12 were found in the holes 
that were dug later, outside the area of dead plants, the results are 
not included in the table. These occurred at a depth of 6 to 18 inches 
in hole 3~A. 
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Table 1. — Distribution of rooUrot scleroiia in an infected spot of alfalfa near 

CoolidgCf Ariz. 



« See fig. 7. 

ft fi of these scleroiia were dead. 


While some sclerotia were found in each of the 10 holes, they were 
unevenly distributed throughout the soil. The greatest number was 
obtained in hole 9, which was in the center of the spot. The eight 
samples from this hole gave a total of 1,407 sclerotia. These were 
darker in color than most of those from other holes, indicating that 
they were older, but they were all viable. Judging by the -size of the 
spot, they must have developed at least a year previously, when the 
disease first became active at the center. h>om the large number of 
sclerotia present in some holes at depths of 6 to 12 inches, it is prob- 
able that there were a few in the top 6 inches of soil that was dis- 
carded. In all the borings the sclerotia were most abundant at depths 
of 6 to 24 inches. In hole 9 a considerable number were found at a 
depth of 30 to 42 inches, and four occurred at a depth of 48 to 54 
inches. 

During April and May, 1931, soil samples were taken from several 
parts of an infested area in a Bermuda-grass lawn at the United States 
Field Station at Sacaton, Ariz. In July, 1930, an 11-year-old 
Chinese elm ( Ulmus purnila L.) located in this area died suddenly from 
root rot and was dug out. The main laterals were cut a few inches 
from the taproot and were left in the soil. Except for another 
Chinese elm, located about 15 feet distant, there were no other sus- 
ceptible plants near by. The soil in this area is a Gila fine sand that 
is fairly uniform throughout the depth sampled. In sampling, the 
top 3 inches, consisting largely of Bermuda-grass sod, was discarded. 
The soil from a depth of 3 to 6 inches comprised the first sample; 
below 6 inches, the samples were taken in G-inch layers. 

In most of the borings the samples were taken to a depth of 3 to 
7 feet with a 7-inch posthole auger. Sai^les from lower depths 
were taken with a 6-inch posthole auger. This was done to prevent 
the sclerotia from bein^ dislodged from the sides of the holes at upper 
levels and thus becoming mixed with samples from greater depths. 
As a further precaution, the 6-inch auger was operated on the inside 
of an iron pipe having a diameter slightly larger than that of the auger. 
As the depth of the hole increased the pipe was pressed gradually into 
the soil just behind the cutting edge of the auger, and the samples were 
drawn upward through the pipe without making contact with the soil 
on the sides of the hole. 
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A diagram showing the location of all the holes with reference to 
the tree is given in Figure 8. The numbers of sclerotia found at 
different depths in the nine holes made in this 
O* area are given in Table 2. 

In this, as in the other areas sampled, the 
sclerotia were unevenly distributed and appeared 
to concentrate more or less in pockets of soil. 

In holes 5 and 8 the sclerotia were most abun- 
dant at a depth of 6 to 18 inches; in hole 9, at 
a depth of 18 to 30 inches, and m hole 1 at a 
»0 02 depth of 30 to 42 inches. In hole 2 very few 

were obtained above a depth of 36 inches, but 
^ a large number occurred at greater depths. No 
aO \ sclerotia were found in hole 6, which was located 

TREE g south of the tree, but 892 were obtained 

from hole 1, 8 feet north of the tree. 

70 05 In holes 5 and 9 a few sclerotia were found in 

the samples removed from a depth of 84 to 90 
inches. Their occurrence at practically all the 
6-inch levels above that depth indicates that 
their presence at this great depth was not the 
result of accident in sampling. Live root-rot 
strands on diseased roots were also found at 
O® that level, and this gave further weight to the 

FiGumfi 8.-Dii^ra sw evidence that the sclerotia actually developed 
i“ 9 ),fr?m which 84 to 90 inches below the surface of the soil. 

obtSffl It) was found that a sample of soil taken from 
with a posthole auger, the lowcF levcls with the 6-inch auger weighed 
tion of a Chinese elm that aboiit 13 pounds, which was about the same as 
liable z) sSie, Tinch^-' Sample of the Same thickness taken near the 
’ surface with a 7-inch auger. 


Table 2. — Distribution of root^rot sclerotia in an infested area where a Chinese elm. 
tree had died from the disease at SacatoUj Ariz.^ in 1930 



Numl>er of sclerotia in hole No."— 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Total 

3-6 

0 

0 

0 


0 

0 

13 

0 


13 

6-12. 

12 

0 

0 

4 

m 

0 

36 

882 

6 

1, 777 

12-18 

26 

2 

‘3 

10 

81 

0 

142 

744 

61 

1,069 

18-24 

76 

18 

<■49 

64 

33 

0 

168 

48 

774 

1,229 

24-30 

106 

5 

71 

38 

18 

0 

21 

6 

856 

1, 121 

30-36 

277 

1 0 

53 

19 

98 

0 

8 

3 

108 

506 

.36-42 

346 

[ 77 

<<3 

800 

28 

0 

32 

6 

164 

1,465 

42-48 

‘*39 

338 


141 

11 

0 

59 

3 

69 

661 

48-54 

11 

12 

6 

5 

11 

0 

55 

2 

14 

116 

64-60 

0 

32 

4 

9 

8 

0 

7 

3 

4 

67 

60-66 

0 

58 

0 

**0 

3 

0 

7 

d *4 

3 

76 

66-72 

0 

18 

0 

0 

4 

0 

3 

0 

0 

26 

72-78 

0 

3 

0 

0 

1 . 


3 

0 

3 

10 

78-84 

0 

2 

1 0 

0 

2 


11 

0 

1 

16 

84-00 


<*0 



<*1 . 


**0 


bdz 

4 

90-06 


0 

! ' 


0 . 


0 

i 

0 

0 

96-102 



i 


0 . 




0 

0 

Total 

892 

665 

1 180 

1. . 

1,099 

1,137 

0 

565 

1,701 

2,065 

8.203 


* See Fig. 8. 

« Two of these sclerotia were dead. 

« Sevan of these sclerotia were dead. 

4 The sheeMron pipe and 6-lnch auger were used in removing this and lower samples from this hole. 
« Three of these sclerotia were dead. 
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Of the nine holes that were made in sampling, seven were located 
roughly in a circle approximately 2K feet from a center representing 
the site of the tree trunk. One hole (No. 1) was made 8 feet north 
and another hole (No. 6) 8 feet south of the same central point. 

The total number of sclerotia obtained in all samples from the nine 
holes was 8,203. Of these, 7,311 were obtained from the seven holes 
(Nos. 2, 3, 4, 5, 7, 8, and 9) located on the periphery of a circle with 
a radius of approximately 30 inches. (Fig. 8.) Using the average of 



P'KiUttE 9.— A mass of sclerotia (approximately 6,000) obtained from .soil samples removed in nine 
borings in an area whore a (Chinese elm had died from root rot. Natural sixe 

these holes as a basis, it is estimated that there were about 100,000 
sclerotia within this circle. A mass of about 5,000 sclerotia is shown 
in Figure 9. 

The amount of soil examined was approximately 1,805 pounds. It 
was estimated that 1 cubic foot weighed 100 pounds, and if it is 
assumed that the root system of the tree occupied an area of 400 
square feet and extended to a depth of 6 feet and that the entire 
volume harbored a population of sclerotia proportionate to that in 
the samples, the number of sclerotia involved would be 1,056,616. 
On this basis, the number of sclerotia in an acre would be 114,956,584, 

140774—32 3 
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It has been learned from experience in conducting germination tests 
with sclerotia that their color grows darker with age and that those 
which have become soft or flaccid will not germinate. Of the 8,203 
sclerotia obtained from the nine borings, 12 were soft and so disinte- 
grated that no test was considered necessary to prove that they were 
not viable. A large number of the others, including some of the 
darkest specimens, were tested, and all germinated. 

Since the tree was killed about nine months previously and the 
area had doubtless been infested for some time before that, it is 
evident that some of the sclerotia must have been at least a year or 
more old when tested. It would appear, therefore, that they do not 
lose their viability very rapidly under natural conditions in the soil. 

SUMMARY AND CONCLUSIONS 

In an attempt to fix the limits of an area infested with the cotton 
root-rot fungus, omnworuni (Shear) Dug., near Indio, 

Calif., methods were developed which served as guides in detecting 
the presence of the fungus even where no indicator plants were present. 

When conditions of moisture were favorable, conidial mats of the 
fungus formed in great abundance in open trenches that transected 
the infested area. Numerous trenches dug near the supposed 
margins of the infested area aided in locating the actual limits of the 
disease. 

In areas where the roots of susceptible plants w^ere abundant, a 
fairly good idea of the limits of the disease was obtained by making 
numerous excavations throughout the area and inspecting the root 
fragments for the presence of the fungus. 

It was found that the roots of several large pistache trees (IHstacia 
atlantica) were infected, although the trees show^ed no symptoms of 
the disease above ground. Root-rot strands were found on the surface 
of some of the roots of large athel trees {Tamar lx aphylla)^ but no 
injury to th^ roots was observed. In other species of Tamarix the 
roots showed extensive damage from the fungus, but the trees 
remained alive. 

It is evident that the root-rot fungus is able to exist in an active 
state for a long period on buried roots that remain in the soil after 
trees have died or have been removed. 

The root-rot mycelium that had penetrated into the inner tissues of 
large roots was protected for a long period from disinfectants that 
readily destroyed exposed strands and sclerotia. 

In attempting to eradicate the fungus from the area near Indio, a 
lYi per cent solution of formalin (commercial formaldehyde) was 
injected into the soil, by pressure through %-inch pipes, to a depth of 
6 feet, at the rate of 1 gallon per cubic foot. To test the effectiveness 
of this treatment, pure cultures of the root-rot fungus growing on 
sterilized sections of fig, chinaberry, and pistache roots three-eighths 
of an inch to 1 inch in diameter were buned from 1 to 7 feet deep in 
the soil, and the formalin solution was applied over them in the usual 
wav. A majority of the root specimens that were removed from the 
soil and tested during the first 12 days after the formaldehyde treat- 
ment showed a renewed growth of the fungus, but only 25 to 30 per 
cent of those that remained in the soil 12 to 30 days showed further 
root-rot growth. 
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In other tests root-rot inoculum was placed on the inside of steam- 
sterilized sections of fig and chinaberry roots 1}^ to 2 inches in diameter 
and 3 inches long. These were sealed at one end and buried in the 
soil at depths of 1 to 7 feet immediately before the formaldehyde 
treatment was applied. When specimens were removed and examined 
30 days after treatment, the inoculum in all the sections was alive, 
and in some specimens the mycelium had grown through the conduct- 
ing vessels and partly covered the outside tissue. 

Examination of a large number of roots and root fragments removed 
from the formaldehyde-treated area, about 10 months after the 
treatment, indicated that all the mycelium on the outside tissues 
was dead. 

In soil samples taken from the formaldehyde-treated area, about 10 
months after the treatment, 70 root-rot sclerotia were obtained; in 
other samples, taken 12 months after the treatment, 118 were 
obtained. All these were found to be dead. 

Koot-rot sclerotia from a culture kej)! in the laboratory for two 
and one-half years germinated and produced a vigorously growing 
mycelium. 

Laboratory tests showed that all parts of a root-rot sclerotium arc 
capable of producing mycelium. Specimens from which the outer 
coats had been removed, fragments of the outer coat, and thin cross 
sections of sclerotia, all produced mycelial growth. 

In order to facilitate the separation of sclerotia from the soil of 
infested areas a, sieve ma<ie of }^-inch mesh hardware cloth was placed 
over another sieve of 20-mesh s(Teen wire. The soil was washed 
through tliem, leaving the coamest soil and root material in the top 
sieve, and the sclerotia and some of the coarse material in the bottom 
sieve. 

In 1931 a small infested area in an alfalfa field near (kiolidge, Ariz., 
and another on a Bennuda-grass lawn at Sacaton, Ariz., where a 
(Chinese elm had been killed the i)revious year, WTre sampled with a 
posthole augc'r, and the sclerotia were se})arated from the soil by the 
washing process and counted. 

In the Coolidge area the sclerotia w^ere most abundant at a depth of 
0 to 24 inches, but four w’cre found 48 to 54 inches below the surface. 
In the Sacaton area the sclerotia were more concentrated at various 
depths between 0 and 42 inches, but a few^ were found at a depth of 
84 to 90 inches. 

It is apparent that the distribution of sclerotia is very uneven, both 
vertically and horizontally, in infested soils. 

In soil samples taken from nine borings in an area where a Chinese 
elm had died, 8,203 sclerotia W’^ere obtained. It w^as estimated that 
the total number of sclerotia in the soil comprising the root zone of the 
tree was more than a million. That most of the sclerotia were alive 
in an area that was knowm to have been infested for several months 
indicates that sclerotia under natural conditions do not soon lose 
their viability. 
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DETERMINATION OF THE ERRORS OF ESTIMATE OF A 
FOREST SURVEY, WITH SPECIAL REFERENCE TO THE 
BOTTOM-LAND HARDWOOD FOREST REGION' 

By Francis X. Schumacher, Silviculturist^ Division of Silvics, and Henry Bull, 
Assistant Silviculturist^ Southern Forest J^periment Station, Branch of Research, 
Forest Service, United Slates Department of Agriculture 

INTRODUCTION 

The Forest Service, under the authorization of the McSweeney- 
McNary Forest Kesearcli Act, is at present undertaking an exhaustive 
survey of tlie country’s forest lands, by comparatively small natural 
or political subdivisions, such as groups of counties, with the purpose 
of obtaining therefrom a complete and accurate picture of the forest 
situation and the forest needs of the Nation. Chief among the 
required results of this survey are the following: Area in each type of 
forest cover, subdivided according to present productive condition; 
volume of timber by species; rate of growth on existing forests and 
reforesting areas ; rate of forest depletion by cutting, fire, insects, and 
other agencies; and present national timber requirements and prob- 
able future trends. 

The diversity of timber types, forest conditions, and timber growth 
to be encountered in such a survey, together with the scanty knowl- 
edge we now have of these in quantitative terms, make it imperative, 
in order to carry out the project efficiently with the funds available, 
that methods of" gathering and compiling the enormous amount of 
data be carefully worked out in advance for each major forest region. 
This is especially important in view of the fact that the bulk of the 
data must be collected at first hand in the field. 

Of first importance is a method of estimating tlie extent of data 
that must actually be gathered in any one large unit of area, and the 
nature of the survey, in order to obtain a reliiible basis for estimating 
accurately the condition of the entire unit. The object of tliis paper 
is to present, by means of the analysis of a comparatively small set 
of field data gatliered for this purpose from the bottom-land hardwood 
forest region, a practical means of determining these particulars for 
any given region and of making certain that the probable error of the 
results, for groups as small as several counties, will not exceed a. 
previously assigned maximum. 

THE GENERAL PROBLEM AND THE DATA 

Fundamentally the problem is one of sampling. Its object, stated 
statistically, is to reduce the standard error of a mean to the practi- 
cable minimum. Theoretically this may be done either by eliminat- 
ing all irrelevant variation from the standard deviation of the whole 
unit of data, or by increasing the number of variates or measure- 
ments, as is evident in the following formula: 
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in which 

Cm the standard error of the mean 
(r = the standard deviation of the universe, and 

A^™the number of variates or measurements 

There are, however, practical difficulties in either of these proce- 
dures. On the one hand, the standard deviation is a characteristic 
of the universe dealt with. It is an aggregate of variation from an 
indefinite number of causes; and only that portion which is recognized 
by quantity and by source may be logically deducted, leaving the 
residual error of estimate. On the other hand, the number of variates 
that may be collected is limited by time and funds available for the 
field work of a survey. In order, therefore, to find out what reliabil- 
ity of the mean can be attained with given funds it is necessary to 
gather a certain amount of data from a given universe and, first of 
all, analyze the standard deviation in order to arrive at the proper 
value for <r, at the same time keeping cost account of the field work to 
establish the highest practicable numerical value of N. 

With these ends in view, a preliminary survey was made in the 
spring of 1931 in East Carroll and West Carroll Parishes in north- 
eastern Louisiana. These parishes lie wholly within the Mississippi 
River Delta region^ and contain bottom-land hardwood forests typical 
of all but the southernmost portion of the Delta. The forest and 
nonforest types are arranged in irregular north and south belts 
paralleling the Mississippi River and smaller drainages. Immediately 
west of the Mississippi there is a belt of ‘^batture^^ land that extends 
to the levee. It is partly to completely overflowed every year and 
is almost entirely forested, principally with willow {Salix sp.) and 
southern cottonwood {Populus deltoidss Virginian a (Castigl.) Sudw.). 
Just west of the levee is a belt of rich agricultural land, planted largely 
to cotton. Beyond tliis lie, in order, a belt of cut-over bottom-land 
hardwoods; albeit of agricultural land along Bayou Macon, which 
separates the two parishes, and on Macon Ridge; and finally a broad 
belt of bottom-land hardwoods which contains, in two large tracts, 
the bulk of the virgin timber. These so-called belts are, of course, 
by no means entirely of the classification given but are principally as 
described. 

The saiMle survey was made by what is knowm as the line-plot 
method. Ten parallel survey lines, 3 miles apart, were run due east 
and west in order to cross the prevailing drainages approximately 
at right angles. At each 10-chain (660 feet) interval along the lines, 
a quarter-acre sample plot was established on which, if in the forest, 
measurements were made; if not, the nonforest type was noted. 
In this way, 240 miles of line were measured, and 1,918 plots vrere 
taken, of which 1,189 fell within the forest. Since the total area of 
the two parishes by the most reliable estimate is 503,000 acres, nearly 
0.1 per cent of the area is actually in sample plots. Without entering 
into any detailed account of the manner in which the data were col- 
lected on each plot, or the exact nature of the many items of informa- 
tion, it is {proposed to analyze the manner and extent of sampling to 
determine its adequacy with respect both to land area by forest and 


> The Mississippi River Peita region extends from above Cape Girardeau, Mo., some 60 miles northwest 
of the mouth ot the Ohio River, to the Gulf of Mexico, and comprises an area of about 20,000,000 acres. 
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noiiforest classes and to volume of timber by species and forest-condi- 
tion class. 

AREA ANALYSIS 

The object of the area analysis is to arrive at a correct and feasible 
method of estimating the land area in the following land classes, 
together with a statement of the error of estimate of each: Total 
forest land; forest land in each of 5 forest sites — ridge, flat, swamp, 
batture, and upland ; ^ forest land in each of 7 forest conditions — 
virgin, culled, cut-over and restocking, cut-over and not restocking, 
ruined, second growth, and old field total land not in forest (non- 
forest) ; and nonforest land in each of 1 1 nonforest conditions. 

There are two sets of data both suitable for analysis. First is the 
number of plots counted in each land class in terms of the entire 
number of plots in the survey. Analysis of those data involves 
homograde statistics or the statistks of attributes. The other 
possibility is the linear distance traversed in each land class in terms of 
the entire length of line in the survey. Analysis of these data in- 
volves heterograde statistics or the statistics of variables. 

Table 1. — Summary of laud class area data for East Carroll and West Carroll 

Parishes ^ La. 


Land-urea class i Line survey Plots 


Forest site: 

Kidge . 

Chains 

4,708 

Per cent 
24. 56 

Number 

469 

Per cent 

24. 45 

Flat -- 

6,198 

32. 33 

010 

32. 12 

Swamp - - 

301 

1..57 

23 

1.20 

Hutture . 

m? 

3. 32 

66 

3.39 

rpland. .. ... . 

176 

.92 

16 

.83 

Total in forest 

12. 020 

62.70 

1,189 

61.99 

Forest condition: 

Virgin .. - 

1, SUi 

7.90 

154 

8.03 

Culled - 

22K 

1.19 

23 

1.20 

(-ut-over restocking . .. . 

7, 654 

39.93 

768 

39. 52 

Cut-over nonrestocking 

1,032 

5. 38 

93 

4.86 

Ruined 

488 

2. 55 

55 

2. 87 

Oldfield - I 

533 

2. 78 

60 

2.60 

Second growth . . . . — . . 

570 

2.97 

56 

2.92 

Total in for-,st .. 

12, 020 

62.70 

1, 189 

61.99 

Nonforest type: 

(’ultivated farm land 

4. 721 

24.63 

470 

24 51 

Deadening .. . . 

1. 034 

5. 39 

114 

.5.94 

Pasture land. . — 

541 

2.82 

59 

3.08 

Wood-lot pasture 

317 

1. 65 

33 

1.72 

Abandoned farm land - . . 

143 

.76 

14 

.73 

Prairie 

. 


, 


Marsh. 

26 

1 h 

3 

.16 

L3vee — - - . 

61 

1 .32 

6 

.26 

Roads, railroads, etc - 

1.38 

! .72 

9 

.47 

Towns, villages 

23 

.12 

2 

.10 

Rivers, lakes, etc — 

145 

.76 

20 

1.04 

Total, nonforest 

7, 149 

. 

37. 30 

729 

38. 01 

Total area 

19, 169 

100.00 

1,918 

100. 00 


When the data are listed according to both methods, as in Table 1, 
it is evident that, on the basis of percentages of area, the two methods 
check satisfactorily. If the resulting errors of estimate were also to 
check, the use of the plot count would be preferred because of the 


> For definitions of these sites and conditions, see tlw following publication: Lzntz, G. H. the forest 
SURVBT IN THE BOtTOMLAND HARDWOODS OF THE UlSSISSIFFt DELTA. JOUT. Forestry 29 : 1046>1055. 1931. 
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simplicity of its application, and because the linear measurement of 
area classes traversed in the field could then be omitted entirely. 


PLOT-COUNT METHOD 


The plot-count method is useful in determining whether we are 
dealing with a true random sample of land-area classes; that is, 
whether the statistical sample — the number of plots by land-arcui 
class — ^lias been selected in such a way that any plot has been as 
likely of selection from the statistical universe (the bottom-land area 
as represented by East Carroll and West Carroll Parishes) as any 
other. If we have such a sample, the standard deviation of the 
number of plots in a given land cla ss is 

- (2) 

in which 


<7 = the standard deviation of the number of plots 
p = the chance that a plot is of a given land class 
q == the chance that it is not, where /> + (/==! 
n = the total number of plots 

The standard error of the proportion of plots in a given land class 
may bo written 



This is a more useful measure for the final expression because it 
gives, directlv, the standard error of a particular land class as a 
percentage of the total land area. For comparison with actual dis- 
persion, however, that measure will be used which is the handier for 
the particular purpose. In the following application of formula 3, 
the cut-over restocking forest condition is used because it contains 
the greatest number of plots. According to Table 1 there are: 

758 plots in cut-over restocking condition 
1, 160 plots in other conditions (both forest and nonforest) 

1, 918 plots in all 

hence 


^_^8 
^ 1918 
^1160 
1918 


0.395 


0.605 


and from equation 2 

<7 - Vl918 Xb.395 X OjSOS 
~ 21. 5 plots 

This means that, provided the conditions of random sampling have 
been fulfilled, it is to be expected that in 2 out of 3 additional sets of 
1,918 plots the number in the cut-over restocking conditions will be 
within 22 of the present count. 

But this is the point to be investigated. We need to know whether 
the standard deviation calculated in this way from the 1,918 plots is 
identical with the standard deviation that would be obtained if all 
the quarter acres of land area in the two parishes could be thrown into 
an urn, thoroughly mixed, and a number of samples consisting of 
1,918 plots each could be drawn out. Obviously such a test can not 
be made. However, the principle may be tested by means of two 
different schemes of setting up data for the calculation of the actual 
standard deviation. The first of these is a system of replications or 
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mechanical groupings, in wliich, for example, group 1 is composed of 
plots Nos. 1, 21, 41, 61, etc., group 2 is composed of plots Nos. 2, 22, 
42, 62, etc., making in all 20 groups with about 96 plots in each group. 
Another scheme compares the relative number of plots in cut-over 
restocking condition from one survey line to another, making 10 
groups, one for each line. 

Test by Mechanical Gkouping 

From the distribution of the mechanical groupings as presented in 
Table 2, the mean and standard deviation are reckoned as follows: 

Mean — 37.9 dr 0.62 plots out of 96 
Standard deviation = 2.75 d: 0.44 plots out of 96 


Table 2. — Frequency of plots in cut-over restocking condition in 20 mechanically 
set up groups of 96 plots each 


(Jroup No. 

Number of 
plots of 
(•ut-over 
restocking 

1 

35 

2 

38 

3.., 

33 

4 

33 

5 

41 

6 

38 

7 

41 

H 

40 


43 

JO 

m 

11 

37 1 


<1 roup No. 

Numlier of 
plots of 
cut-over 
restO(‘kiog 

12 

37 

13 

34 

14 

37 

15 

37 

16 


17 

42 

18 

40 

19 

39 

20 

.39 



758 

{ 


Now, the standard deviation to be expected from a random sample 
of 96 plots is, from equation 2: 



= 4.79 


37.9 58 J 
96 96 


It is evident that 2.75 ±0.44 can not be accepted as an accidental 
deviation from 4.79. However, familiarity with the region from 
which these samples are drawn helps to explain how this scheme of 
grouping plots might result in a subnormal dispersion. Each plot 
IS but one-eighth mile distant from its immediate neighbors on the 
same line. Since areas of cut-over restocking condition, when en- 
countered in the field at all, are usually extensive, it follows that wher- 
ever one plot in this condition occurs a number of consecutive ones 
are likely to be found. Since each consecutive plot has been put into 
a consecutive group, the variability from group to group is less than 
the variability of random samples. 


Test by Survey-Line Grouping 

Table 3 gives the total number of plots on each line and the number 
and percentage of cut-over restocking plots on each, without regard 
to length of line. From these percentages the following calculations 
are made: 

Mean = 39.0 ±2.42 per cent 
Standard deviation = 7.65 ± 1.71 per cent 
Average number of plots per line = 192 
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Table 3. — Frequency of plots in cut-over restocking condition^ by survey lines 


Lliie No. 

All plots 

Frequency of 
cut-over restock- 
ing 

Line No. 

All plots 

Frequency of 
cut-over restock- 
ing 

1 

Number 

116 

160 

201 

197 

200 

206 

Num- 

ber 

40 

63 

71 

72 

71 

67 

Per 

cent 

40 

35 

36 

37 

35 

28 

7 

Number 

200 

210 

209 

171 

Num- 

ber 

118 

W 

117 

67 

Per 

cent 

46 

40 

.60 

33 

2 

8 

3 

9 

4 

10 

5.., 

Total 

1.918 

768 


6 




However, the theoretical standard error of the proportion is, by 
equation 3 : 

Y 192 

= 0.0353 per plot or 3.53 per cent 

The abnormal variation of the areas from line to line as compared 
with the theoretical dispersion demonstrates that the areas of cut- 
over restocking lands are by no means evenly distributed ovc^r the 
two parishes; that there is, rather, a relationship between percentage 
of cut-over restocking area and ^^place’^ in the two parishes. 

It may be argued that since the actual variation may be made 
subnormal or abnonnal depending upon the method of grouping, the 
theoretical standard deviation of the ungrouped data — 21.5 plots 
out of the 1,938 — may be a sufficiently satisfactory one, in that it 
should average out the high and low dispersions. T^he fallacy of this 
will be brought out in the test problem to be discussed later. 

LINEAR-MEASUREMENT METHOD 

The linear-measurement method differs from the plot count in one 
important respect. Whereas the plot count of a land-area class is 
merely alternative, in that a given plot either is or is not of the class 
to be investigated, the linear measurement is qualitative, in that the 
distance traversed in the land class under investigation is measured. 
The problem, then, becomes one of analysis of variation of measure- 
ment on the hypothesis that the area of a given land class varies as the 
linear distance traversed within it. A discussion of this hypothesis 
will be taken up later. 

To begin with, it is necessary to determine which unit length of 
line (e. g., one-half mile, 3 miles) rives the most stable measure of the 
dispersion of a land-area class. In this determination the cut-over 
restocking forest condition is again used. 

Tests by Continuous Units 

The lengths analyzed are the K-mile, 3-mile, and 24-mile units; 
for each of these the standard deviation and the standard error 
of the mean in number of chains are calculated and reduced for ready 
comparison to number of chains to the half mile. (Table 4.) 
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Table 4. — Comparison of standard deviations and standard errors of the mean for 
various unit lengths for survey line in cut-over restocking condition 


K' mile.. 
3 mllas . 
24 miles. 


Cut-over restocking statistics 
per one-half mile 


Ijcngth of unit 


All units 


Number 

480 

80 

10 


Moan 

Standard 

deviation 

Standard 
error of 
the mean 

Chains 

Chains 

Chains 

16 

15.9 

0. 73 

16 

8.76 

.98 

16 

4. 78 

1.51 


The increasing? standard error of the means for units greater than 
one-half mile in length, as shown in Table 4, clearly indicates that the 
variation in the data from the longer units, like the abnormal variation 
of the plot count when full line units were used, is correlated with 
“place."’ 

Test by Randomly Grouped >^-Mile Units 

Although Table 4 shows that the error of land-class estimate is less 
with the )^-milo unit than with the longer unit lengths, the 
standard deviation — 15.9 chains to the half mile — is practically as 
great as the mean of 16 chains. This follows from the fact that the 
distribution is U-shaped; of the four hundred and eighty J^mile 
units, 155 contain no chainage at all of cut-over restocking and 88 are 
entirely cut-over restocking. 

On this account the standard deviation is subject to an error greater 
than that of unimodal distributions; and as the standard error of the 
mean of any distribution varies directly as the standard deviation, 
this also is subject to greater fluctuation in this type of distribution. 
Therefore, rather than to rely upon a single standard deviation from 
which the error of the mean is to be calculated, actual variations of 
means from groups or randomly selected K-mile units were compared 
with the theoretical. For this purpose, the number of chains oi land 
in cut-over restocking condition in each of the four hundred and 
eighty ) 2 -miIe units w^as tallied upon small, metal-rimmed, circular 
tags, such as are used for price tags. The 480 tags were thoroughly 
mixed in a box, drawn out one at a time, and the values noted in the 
order of draw. Four groupings were thus made. Their standard 
deviations are given in Table 5. 

Table 5. — Comparison of standard deviations of groups of random-selected yi-mile 
units in cut-over restocking condition 


Units in 
group 

Oroups 

Standard 
deviation 
per one- 
half mile 

Units in 
group 

Oroups 

Standard 
deviation 
per one- 
half mile 

Number 

12 

20 

Number 

40 

24 

Chains 

4,71 

3.82 

Number 

24 

40 

Number 

20 

12 

Chains 

2.61 

2.72 
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Figure 1 summarizes graphically the work thus far on the linear- 
measurement method. It shows the standard deviation of )^-mile 
units and the standard deviation of the 3-mile and 24-mile continuous 
units, all from Table 4; the standard deviations of distribution of 
the randomly grouped }^-mile units, from Table 5; and the curve of 
the theoretical standard deviation of randomly grouped }^-mile units. 
Figure 1 indicates that unit lengths greater than one-half mile intro- 
duce systematic errors of the mean, the result of correlation of cut- 
over restocking areas with “place’* in the two parishes. On the 
other hand, the actual error of the groups, after the effect of “place ” 



S 10 15 50 25 30 35 40 45 50 

NUMBER Of UNITS IN THE CROUP 


Fh.uke 1.— Comparison of the standard deviations resulting from the various methods of grouping 
with the curve of the theoretical standard deviation. Cut-over restocking condition 


is removed by random selection of >^-mile units, checks very well with 
the theoretical. 

It is concluded, therefore, that when areas in land units similar 
to these two Louisiana parishes are determined by the linear-measure- 
ment method, the error of sampling of a land class may be deduced 
directly from the distribution of ungrouped M-mile units. 


PLOT COUNT VERSUS LINEAR MEASUREMENT 

Up to this point it has been satisfactorily established (1) that the 
plot-count method exposes systematic variation, if present, but does 
not give stable errors of estimate of land-class area; and (2) that if 
the Bnear-measurement method is employed, the use of the K-mile 
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unit results in errors of estimate free from systematic variation over 
the territory sampled. But this gives little indication of which method 
is to be preferred. It may be, for instance, that the en’or of the un- 
grouped plot-count data — the 21.5 plots out of the 1,918, or about 1 
per cent of the land area — is sufficiently close to the truth in that it 
averages the subnormal and abnormal variations of the grouping 
schemes used. The choice of method rests upon the agreement of 
estimated areas with the true areas. But such comparisons can not 
be made for the land classes as defined because we have no true areas 
upon which to base them. 

Recourse was had in this instance to a soil-type map of East Carroll 
and \Yest Carroll Parishes upon a- scale of 1 inch to the mile.^ As 
the different soil types roughly parallel the Mississippi River and 
interior drainages just as do the forest sites and conditions, this served 
very well as a medium for the comparison of method, in the following 
manner: 

The 10 parallel east and west survey lines actuallv determined 
w^cre drawn on the map, 8 miles apart, establishing as line universes 
the area within Ci! miles on either side of each survey line. 

The area of each soil type was planimetered by line universe. Seven 
soil types occurred on nine of the line universes and three* soil types 
on the remaining one. The planimetered areas of these 66 cases 
were taken as the true areas of the soil types, the base for comparison 
of sampling method. 

The sampling process on the map resembled the sampling of land- 
area classes in the field- (1) by counting plots at every 10 chains 
along the lines and noting the soil type of each, and (2) by scaling 
the distance in chains across each soil type traversed by tHc survey 
lines. 

'Fest of the Plot-Count Method 


The difference between the actual areas and the areas estimated 
l)y plot count were calculated in terms of the standard error of the 
latter for each of the 66 cases. A frequency distribution of these 
ratios — if the method has fulfilled the requirement of random sam- 
pling — should have a standard deviation of 1, and its departure from 
1 may be considered a measure of the failure of the sampling method. 
The following example of Sharkey clay soil type on line universe 1 
serves as an illustration; 

Planimetered area of Sharkey clay ^^3,456 acres 
Planimetered area of line universe ^26,1 32 acres 


Relative area of Sharkev clav== 


3456 

26132 


0.132 


Number of Sharkey clay plots on line 1 18 

Total number of plots on line 1 =--112 

18 

Relative number of Sharkey clay plots=jj.^ = 0.161 


Standard error of relative number of Sharkey clay plots: 

/oVifilX 0.839 


112 


^0.035 


< WORTHKN, E. L., and BKLPKN, H. L. soil survey of east CARROLL and west CARROLL PARISHES, 
LOUISIANA. IT. S. Dept. Agr., Bur. Soils Field Oi>er. 1908, Rpt. 10: illus. lyn. 
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Difference between actual and estimated areas in terms of the 
standard error of the latter is 


0.132-0.161 


= -0.8<r 


0.035 

The distribution of the ratios is shown in Table 6. 


Table 6. — Distribution of the ratios of actual errors of soil-type area to estimated 
errors by the plot-count method 


Error « 

Fre- 

Error « 

Fre- 

Error" 

Fre- 

Error » 

Fre- 

Quency 

tiuency 

quency 

(juency 

4-6.5 

-f5.0 


+2.0 

•+1.5 

6 

-1.5 

5 

-4.6 


1 

5 

-2.0 

2 

-6.0 


4-4.5 

1 

+1.0 

6 

-2.5 

1 

-6.5 

’"'l ” 

4-4.0 
4-3. 5 
+3.0 
+2.5 


+0.5 

0 

f, 

-3.0 

-3.5 

2 




8 


m 

3 

-0. 5 

11 

-4.0 



1 

~1.0 

7 




1 


«The difference between the actual area and the estimated area in terms of ti)e standard error of tlic 
estimated area. 


Their standard deviation is 

(r-L72±0.149 

Had we assumed the sampling method to have fulfilled the requiiv- 
ments of random sampling we would have taken for granted that the 
standard error of the plot count would give the range within which 
the true error lies two times out of three, or with odds of 2 to 1. We 
find, however, that the actual error is, most proliably, 72 per cent 

.1 

higher; that the estimated standard error is in reality * '^diich, by 
reference to the normal curve of error, is equivalent to odds of bu 1 0.8 to 1 . 

Test of the Linear-Measurement Method 

In testing the linear-measurement method essentially the same 
kind of comparison was made as in the case of the plot-count method. 
The following is an illustration of the calculation in one case, employ- 
ing the Sharkey clay on line universe 1 : 

Relative area of Sharkey clay = 0.132 (as above). 

Statistics from frequency distribution of linear measurements, 
shown in Table 7 : 

Table 7. — Frequency distribution of scaled distances of Sharkey clay land on 

line 1 


Chains of 
Sharkey 
clay to the 
one*half 
mile 

J+inile 

units 

Chains of 
Sharkey 
clay to the 
oiie-half 
mile 

h-inile 

units 

Chains of 
Sharkey 
clay to the 
one-half 
mile 

h-milo 

units 

(.'hains of 
Sharkey 
clay to the 
one-half 
mile 

H*mile 

units 

0 

Number 

23 

15 

Number 

30 

Number 

10 

Number 

3 

6 

20 

25 

2 

36 


10 

1 



Total — 

20 
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Mean ==^5.17 chains to the half mile 

Standard deviation 10.7 chains to the half mile 

Standard error of mean = 1 .99 chains to the half mile 

5 17 

Hence, relative area of Sharkey clay=-~“y-^ 0.129 
Standard error or relative area of Sharkey (‘lay : 

-0.050 

Difference between actual and estimated areas in terms of the 
standard error of the latter: 


0.136-0.129 

“0.050 


- -f 0.1(7 


The distrihution of the ratios are shown in Table 8. 


Table H.— J)isiribvtio7i of the ration of actual errors of soil-type area to estimated 
errors by the linear-measurement method 


Error « 

Fre- 

quency 

Error “ 

Fre- 

quency 

Error » 

Fre- 

(luency 

Error " 

Fre- 

quency 

+4.2 

1 

+2.1 


0 

9 

-2.1 

• 

+3.H 


+ 1.8 

3 

- .3 

15 

-2.4 


+3. fi 


+1.5 

1 

- ,fi 

4 

-2.7 

-- 

+3. 3 

1 

+1.2 

2 

- .9 

1 2 

-3.0 

i 

+3. 0 



+ .9 

7 

-1.2 

1 4 




+2.7 


+ .« 

8 

-1.6 

i 


OG 

-i2.4 

1 . 


+ .3 

7 

-1.8 

1 

1 __J. 




'• 'I’lio (lifTereuce between the actual area and the CvStimated urea in terms of the standard error of the 
estimated area. 


The standard deviation is: 

<7-1.05 ±0.093 

This does not differ significantly from 1 and therefore satisfies the 
requirement that the estimated errors be the true errors of estimate. 
Furthermore, since no correlation is found between the ratios and the 
size of area estimated, it is proved that the area of a land class, in a 
universe represented by these two parishes, varies as the linear dis- 
tance traversed within it.® 

Comparison of Methods 

The final results of the two sampling methods are compared in 
Table 9, the last three columns of which shoAv the errors of estimate. 
On the assumption that plot counts at spacings of 10 chains by 3 miles 
satisfy the conditions of random sampling, the resultant error by this 
method is the lesser. As has been brought out, however, this assump- 
tion is erroneous, as it requires, for the soil-type data at hand, a cor- 
rection factor of 1.72. This correction has been applied in the table, 
the two right-hand columns bringing out the properly comparable 
errors. 

i At first thought it seemed moro logical to one of the authors that the area of a land class should vary as 
the sums of the squares of the linear distances traversed within it. Walter IT. Meyer, of the Pacific North- 
west Forest Experiment Station, tested this hypothesis and found that it leads to estimates that are 
too high whsnever a single land class occurs as an extensive, unbroken area traversed by two or more 
survey lines. 
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Table 9. — Relative areas of soil types and comparison of their standard errors of 
estimate by different sampling methods 



Relative areas of soil typos 

Standard error of area as a per- 
centage of corresponding area 

Soil type '• 



By llnetir 
moasure- 
inent 

By plot count 

By linear 
measure- 
ment 


By pla- 
uinieter 

By plot 
count 

Random 

sampling 

Corrected 
for ! 
sampling* 

YS 

Per cent 
5.5 

Per cent 
5.3 

Per cent 
4.2 

Per cent 
10.0 

Per cent 
17.2 

Per cent 
24.0 

YL 

5.4 

5.8 

6.5 

9.5 

16.3 

15.0 

WC 

17. 2 

19.6 

18.1 

4.7 

8.1 

9.3 

SC 

25! 6 

2i.2 

24.5 

4.1 

7,1 

7.9 

WSL 

8.9 

9.8 

9.9 

7.1 

12.2 

14.1 

RL 

17.8 

17.3 

18.7 

6.1 

8.8 

9.0 

cs 

18.3 

18.0 

16.6 

6.0 

8.0 

9.8 


Total...... 

«99.7 

100.0 

<<98.5 









* Symbols for soil types are those Riven on the map mentioned in text. 

This correction is 1.72 times the value obtained on hypt^thosis of random sampliuR. 

' Three-tenths of 1 per cent of the total area is made up of 3 soil typos which are not includetl because they 
are not encountered in the plot-count method. 

^ The 3 soil types not given in the table acc>ount for the reinaining 1.5 per cent. 


In six of the seven soil types, the corrected error of the plot-count 
method is still less than the error of the linear-measurement method. 
It is very doubtful, however, whether the differences in its favor are 
to be considered as a recommendation, for the correction is an empirical 
one, and may safely be applied only to this soil-type test. The error 
of linear measurement, on the other hand, is the outcome of variation 
actually encountered; it calls for no correction, because by comparison 
with the universe from which the data were drawn, it satisfies the 
limitations of random sampling, 

VOLUME ANALYSIS 

The volume data consist of the board-foot contents, by species, of 
the timber on 1,208 sample plots ® taken in the forest. From these the 
following values for all species together have been calculated: 

Mean = 659 board feet 

Standard deviation = 854 board feet 

Standard error of mean = 24.5 board feet 

But the standard error of the mean varies directly as the standard 
deviation of the distribution, and the latter measure is an aggregate 
of variation from many causes. One of these readily recognized in the 
field is the forest condition. 

The plots were accordingly sorted by condition. The mean volume 
and standard deviation of each are as given in Table 10. The stand- 
ard deviations are, in fact, standard errors of estimate of plot volume 
free from the influence of forest condition. 


0 This does not agree with the 1,189 forest plots of Table 1. The held instructions called for the measure- 
ment of a forest plot whenever a nonforest plot happened to fall within 2 chains of the forest, the purpose 
being simply to strengthen volume data. The added 19 plots were not used in area analyses. 
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Table 10 . — Means and standard deviations of plot volumes hy forest condition 


Forest condition 

Basis, 
plots 1 

Mean 
volume 
per i)Iot 

Standard 
deviation 
of volume 
per plot 

Virgin - 

Number 

155 

22 

761 

100 

.69 

.6.6 

.60 

1 

Hoard feel 
1,880 
1,779 
478 
364 
90 
:t80 
700 

Hoard feet 

1, 232 
792 
633 
676 
200 
460 
976 

Culled - 

Cut-over restocking. 

Cut-over not restocking. - 

Ruined - 

Old field - - 

Second growth - 



The average of these, weighted by number of plots, may be ex- 
pressed : 



N, ■+ iV2+ . . .T. . . . : 


( 4 ) 


in which 

<r = tlie weighted mean value of standard deviations from r? 
f req ii ency dis tri bii tions 

O’ — the standard deviation of each distribution 
N — the number of plots in each distribution 
and subscripts 1,2,. . . . n refer to the individual distributions. 

The weighted mean value of the standard deviations of Table 10 
thus becomes 684 boai'd feet.^ Hence, by equation 1, the standard 
error of the mean, free from the influence of forest condition, becomes 
19.7 board feet. 

The data were further scrutinized for evidence of relationship 
between the remaining variation of the mean and other factors, 
particularly site and locality, but nothing of significance was found.® 
Hence it is concluded that 19.7 board feet to the quarter acre is the 
error of sampling. This is 2.99 per cent of the mean volume. 

The error of the total volume of the two parishes, howev^er, must 
be greater than 2.99 per cent because it is afl^xted not only by vol- 
ume variation from plot to plot, but also by the error of estimate of 
total forest area. In short, the correct estimate of volume on a large 
forest area is 

{A ± (Ta) {M± <Tm) 

in which 

A — the total forest area, in this case in quarter acres 
i\/=the mean volume to the quarter acre 
<ta == the standard error of the total forest area 
<jm = the standard error of the mean volume 
This equation has been shown to be: 


AM± + 


( 5 ) 


’ We may calculate a measure of the effect of forest coudition u(k>xi the volume of hardwoods in the two 
parishes. For the squared variation of volume free from the influence of condition, (d84)>]+the squared 
variation of volume associated with condition** the total squared variation [» (864)>]. From this equality 
we find that 35.8 per cent of the total squared variation of volume is associated with forest condition. Hence 
the correlation ratio, which is calculated directly from the square root of this value, is 0.598 dbO.018. 

< A standard deviation below the 084 board feet obtained by stratifying according to condition may be 
arrived at by grouping the plots either systematically or at random and finding the standard deviation of 
the means of the nroups. This value times the square root of the number of plots per group gives the 
residual stimdwd deviation of plot distribution, with 20 or less groups a standard deviation of 500 board 
feet has been obtained. However, there is no iustification for the reduction as it is impossible to state just 
what factor or fectors of correlated variation have been avers^ed out in the process of grouping. 


149774--32 4 
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The best estimate of the total area of the two parishes is 503,000 
acres,® and this is taken as without error. The total forest area, cal- 
culated by the linear-ineasuremcnt method, is 62.7 ±2.95 per cent 
of this, or 1,261,524 ±37,215 quarter acres. Since the mean volume 
to the quarter acre is 659 ±19.7 board feet, equation 5 gives a total 
volume in the two parishes of 831 ±34.9 million board feet and the 
standard error is 4.20 per cent of the total. 

We now have a working basis for calculating the total number of 
miles of survey line that must be run across land units similar to 
East Carroll and West Carroll Parishes in order to determine the 
total volume of merchantable timber within any given limit of accu- 
racy. The total number of miles, with a plot taken every 10 chains, 
is one-eighth of the total number of plots and, in the present case, 
almost exactly one-fifth of the number of forest plots (for forest area 
equals 62.7 per cent of the total area). From equation 1 we have 



A^=the number of forest plots 


The numerator to use for ready calculation of equation 6 should be 
that standard deviation which measures variation of plot volume and 
forest area, but which is free from the influence of variation in forest 
condition. We have this measure, but it is expressed as the stand- 
ard error of the mean (or total) — the 4.20 per cent arrived at above. 

The corresponding standard deviation is plots times this value. 

The denominator should bo the standard error expressed as a per- 
centage of the mean (or total) — that is, the measure of precision 
desired. 

The results in number of plots or number of miles of line must be 
coordinated with the results similarly obtained from other analy.ses, 
such as volume of certain important species or volume by log scale, 
before any final estimate of the amount of data needed can be ren- 
dered. 


COORDINATION AND APPLICATION OF ANALYSES 

In conclusion, it remains only to show the practical use or applica- 
tion of the calculated errors of sampling and the way in which the 
errors for the different items of area and volume are coordinated. 
The vital question, indicating the raison d'etre for the foregoing analy- 
ses, is: How many miles of survey lines must be run to obtain accepta- 
ble limits of error in all important phases of the survey? From the 
number of miles, the distance between lines is of course readily calcu- 
lated when the area of the land unit to be surveyed is approximately 
known. 

To answer this question, it is necessary first to coordinate the 
different errors for the same mileage of line by putting them in such 
form that they can readily be compared. Tms is conveniently done 
by making a table that shows the standard error (in percentage of 


» This figure has been arrived at after oomparlng estimates of the area conoerned as established by the 
Bureau of Ohemistry and Soils and the Bureau of Agrioultural Koonomlos, United States Department of 
Agrtoulture, and the county surveyor. 
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the mean) for each important item for several selected mileages of 
line. The mileages selected should be within the range of practical 
possibility as determined by the size of the land unit to be surveyed, 
the cost per mile of line, the funds available, the approximate per- 
missible errors, etc. Table 11 is a sample portion of suc.h a tabulation. 

Table 11. — Standard errors of imporlarU items for different total lengths of line 

f A s impltt portion of a tabulation from which the required niileaRe of survey lines can most easily be de- 
termined. Eight t)lot.s taken per mile. Each standard error expressed as a por(»ntago of the mean of 
t.he item concernedl 



Percentage of the mean for the indicated total 



number of miles of line run 


Item to bo evaluated 

200 

.300 

500 

1,000 

1,200 

At standard error of ■ 


xV6 

XV3.33 

XV2 


X 

V 1.2“ 

Area; 






Virgin forest 

15.4 

12.6 

9.8 

6.9 

6.3 

Cut-over-restocking f(jrest ; 

4.7 

3.8 

3.0 

*2.1 

1.9 

Total forest 

3.2 

2.6 

2.0 

1.4 

1.3 

Volume (including error of arc t); ! 






Virgin fore.st . . 

16.6 

13.5 

10. 5 

7.4 

0.7 

C-ut-over-restocking forest 

6,5 

.5.3 

4.1 

2.9 

2.6 

lied gum 

12.3 

10. 1 

7.8 

5.5 

5.0 

Total fore.st 

j 4.5 i 

3.6 

2.8 

2.0 

! 1.8 


1 ! 






The greatest accejitable error in the most important item (in tliis 
case, and usually, total merchantable volume) may then be decided 
upon and the (‘orresponding mileage read directly or interpolated from 
th<‘ table. The errors in other items for this mileage are then noted 
and if any of them are unsatisfactory the mileage may have to be 
increased. Many com f iroinises and concessions will invariably be 
net'essary before the errors in most or all of the items are declared 
satisfactory for a financially practicable mileage. 

In the bottom-land hardwood region the forest survey proper will 
be started in a land unit of about 5,500 square miles in northern 
Louisiana. After a detailed study of a tabulation of expected errors 
for given mileages, of which Table 11 is a small part, it is estimated 
that the results for this unit will be sufficiently close to the truth if 
the total mileage run is 550. Tliis gives a line interval of 10 miles. 
The standard errors expected for the several items of Table 11 are 
about 95 per cent of those tabulated therein in the 500-mile column. 

SUMMARY 

Samples of land-area measurements and tiinber-volume data were 
taken in two parishes in northeastern Louisiana by the line-plot 
system, for the purpose of determining the probable errors of estimate 
by land-area classifications and timber volumes to be expected from 
a projected forest survey of similar nature of 29,000,000 acres in the 
bottom-land forest region. 

The land-area analyses disclosed that the number of plots in the 
various land classes, while correctly establishing their proportional 
areas, can not be considered as random samples of the land classes. 
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This is because neither the standard deviation as calculated from 20 
mechanically set-up groups nor the standard deviation as calculated 
from the variation between the survey lines, checked with the stand- 
ard deviation to be expected upon the hypothesis of random sampling. 

The linear-measurexnent method of area by land classification was 
analyzed as an alternative to the plot-count method. The error of 
estimate was tested by usin^ unit lengths of one-half mile, 3 miles, and 
24 miles, and was found to increase with unit lengths longer than the 
one-half mile. 

The comparison of the errors of estimate as between the plot-count 
and the linear-measurement methods was based upon a test problem 
from the soil-type map of the two parishes. The true areas 
in each soil type wore arrived at by planiinetering the map. The 
soil types were then sampled on the map in a manner analogous to 
that by which land-area classes w'ere sampled in the field. The com- 
parison of sampling method is based upon the agreement of the actual 
with the estimated sampling errors. It was found that the actual 
errors of the linear-measurement method agreed with the estimated 
errors. 

In the volume analyses, the standard error of the mean vohime in 
board feet was found to be about 3 per cent of the mean volume per 
}i-acre plot; and this value is the residual after taking out that portion 
of the error which is due to variation in forest-condition classes. 
Since the total volume in the forests of the two parishes is the product 
of the mean volume per }i-acre plot and the number of (piarter acres 
in forest area, with their respective errors of estimate, the standard 
error of estimate of the total volume becomes slightly higher than 4 
per cent of the total volume. 

The results of the area and volume analyses were used as the basis 
for the recommendation that in the forest survey pro])er the line 
interval be 10 miles. 



DEFINITIONS OF HONEY COLOR GRADES ' 


By E. F. Philltpk 

Professor of Apiculture^ New York {Cornell) Agricultural Experifneni Statio?i 

INTRODUCTION 

Grading according to color has long been an important factor in 
the marketing of honey. In different countries and by different 
organizations of beekeepers and honey dealers, various methods have 
been employed for evaluating and describing the colors of honey. In 
some instances names of color grades have been used without any 
attempt to define the grades or to employ standard colors for grading. 
In other cases colored glasses or bottles of colored liquids (often quite 
different in color from honeys) have been used. Obviously it is de- 
sirable that some accurate method be devised for defining and meas- 
uring the color grades of honey and that the same standards be widely 
used. 

IMPORTANCE OF COLOR GRADING 

The most important reason for grading honey by color is that 
flavors of honeys from any given plant source vary with color, as 
certain examples will show. In the irrigated regions of the western 
part of the United States alfalfa honey is produced, usually with an 
admixture of honey from sweetclover but with less than the customary 
admixtures of nectars from other plant sources. In those parts of the 
irrigated region in which the altitude is high the honey from alfalfa 
and sweetclover is the most delicate and mild obtainable from these 
plants. In the Imperial Valley, lying below sea level, the honey from 
these i)lants is a rather dark amber, and the flavor is stronger and less 
delicate. It was formerly supposed that these differences were 
caused by admixtures of other nectars, but it is now known that they 
are due to the effect of climate, soil, and altitude on the color of the 
nectar of the plants. If, therefore, a buyer of honey desires either 
strong or mila alfalfa-sweetclover honey, it is most convenient to 
designate the color desired, since flavor varies with color. 

Similar differences are found in many other honeys. Honey from 
white and alsike clovers varies from Water White to rather Dark 
(reddish) Amber, and the flavors differ much as do those of alfalfa- 
sweetclover honeys, the lighter honeys having the more delicate 
flavor. For any given plant source, the lightest and mildest honeys 
usually come from areas near the northern limits of the secretion of 
nectar from that plant. 


Received fer publication Jan. 15, 1032; issued December, 1032. The work here reported was carried out 
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U. 8. Department of Agriculture, and determinations of light transmissions were made at that time. Eater 
computations were made at the New York State College of Agriculture. A considerable number of i)ersons 
assisted in the early work. The author is responsible for the final calculations, for the conclusions reached, 
and for the recommendations of definitions for the honey color grades. The Bureaus of Entomology and 
.\griotiltural Economics are responsible for the grades recommended in earlier publications, in the devising 
of which the author took no part. 
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With certain exceptions mentioned later, it may be said that in 
general for any given plant origin of honey, the lighter the honey the 
more delicate the flavor. It thus becomes important to designate the 
color of honey, for the color designation is of more value in indicating 
flavor than the name of the plant or plants from which the nectar is 
derived. Since there is no way of describing flavors as such, some 
progress at least will be made toward classification by flavors when 
accurate color grading is made possible. Color grading is, therefore, 
not a subordination of flavors but is the most accurate way of desig- 
nating flavors thus far devised. 

There are certain honeys for which the demands of the market 
can not be met on the basis of color grading. Chief among these in 
the United States is buckwheat (Fagopyrum escvlentum) honey. 
This honey is dark and strong in flavor. Within the limits of the 
United States there is considerable variation in buckwheat honeys. 
In southern New York and northern Pennsylvania, buckwheat honey 
is opaque and dark with a slightly purple cast, while in certain areas 
of the Mid-West this honey is more transparent and is dark amber in 
color, red and yellow tones predominating. There is a heavy demand 
for buckwheat honey by the Jewish trade, chiefly in the eastern 
cities, and for export; for both trades the demand is for the opaque, 
dark, purplish honey. It is also required that the honey be granu- 
lated with a fine grain, even though for certain purposes for which 
this honey is used, it is liquefied. The flavors of aifterent buckwheat 
honeys vary, although all of them are strong; it is the flavor of the 
opaque eastern honey that is preferred in the markets mentioned. 
Obviously it is impossible to give a color designation that will properly 
grade buckwheat honey, especially since the honey must be granulated 
to meet the demands of the market. 

Similar conditions seem to prevail with the heather honey of 
Europe and p^^rhaps also with the honeydew honeys of central 
Europe. However, the fact that color grading is not feasible in all 
instances does not make it an}^ less valuable for grading the jnajority 
of honeys. 

PREVIOUS WORK 

The United States Department of Agriculture has indorsed a color 
grader for honey (Sechrist ^ and Sechrist and Samson which is used 
in grading all honeys intended for export and to some extent those in- 
tended for domestic markets. Wliilo this grader has largely superseded 
others and has brought about greater uniformity in color grading, the 
instrument is so expensive that it is impractical for most beekeepers 
to buy it. 

Any grading standard should be of such a nature that the different 
grades can be defined in words and figures. It should not depend on 
comparisons with some manufactured article, on the use of piece of 
apparatus manufactured by one firm, or on the experience and skill 


2 Sechrist, E, L. the color grading or honey. U. S. Dept. Agr. Clrc, 364, 8 p., illus, 1925. 

* 'and Samson, H. W. united states standards fob honey recommended by the united 

STATES DEPARTMENT OF AGRICULTURE... U. 8 . Dept. Agr. Circ. 410, 32 p., iUuS. 1927. 

and Samson, H. W. united states grades, color standards, and packing hbouirkments 

FOR HONEY. U. 8. Dopt. Agr. Circ. 24, 32 p.. Ulus. 1927. 
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of a limited number of individuals. The standard honey grader 
indorsed by the Department of Agriculture is not based on suitable 
definitions. For the ])re8ent deficiencies of definition the writer is 
chiefly responsible, as appears from the following paragraphs. In the 
published discussion of tliis grader ^ the percentages of lights of various 
colors transmitted through 1 cm of honey are given for the darker 
limits of the several color grades established, from which it might be 
assumed that these color grades are adequately defined. Sucli, 
however, is not the case, for (1) the figures published fail to corre- 
spond with the light transmissions measured for the honeys on the 
darker limits of the several grades, and (2) the official instrument is 
not based on the published figures. 

The foregoing criticism of the definitions of the Department of 
Agriculture grades calls for some explanation. Before leaving the 
service of the liureau of Entomology^ the present writer \indortook, 
with the help of his associates in this work, to draw up a table giving 
the approximate lower limits of light transmissions of three selectee! 
wave lengths, as a guide in the establishment of color grades. At 
the time this table was made it was thought that the limits indicated 
were fairly satisfactory, and at least moderately accurate. Ac(‘ord- 
ingly, when Sechrist and Samson prepared their circuilar, they included 
this table without change except for the omission of figures for twm 
secondary grades. A reexHinination of the data for the various 
honeys studied now discloses the fact that tliese figures are entirely 
unsatisfactory, and as definitions for the darker limits of the several 
grades are practically valueless. 

The inatlecjuacv of these figures is indicated by the data shown in 
Table 1 . This table gives the minimum transmission of light for each 
wave length just as it was prepared by the author and published in 
part by Sechrist and Samson. After each of these supposedly defini- 
tive figures is shown the number of instances among the 290 honeys 
studied in which the light transmission for the w ave length in question 
is lower than the minimum set by the definition. The total of such 
cases (two or even more may occur in a single honey) is 269, which is 
entirely too high a percentage of error to give any validity to the 
assumed minimum limits. In general, the trends are such as are found 
in honeys of the several grades, but the actual figures are inaccurate 
for the purpose for which they were used.® It is therefore clear that 
so far there are no satisfactory definitions of color grades for honeys. 
The purpose of this paper is to propose such definitions, based "on 
measurements of light transmission through honeys of a wide variety 
of colors. Aside from the one attempt mentioned, there appears to 
be no previous publication that defines color grades for honey. 

< and SAMftON, H. W. Op. cit, (Circ. 24, p. 29). 

* The author regrets the necessity of pointing out errors in pa])crs by his fornjer colletigues, but since 
he ia chiefly responsible for the original errors, the blame may be placed where it belongs. Sechrist and 
Samson are in no way responsible for these figures. 
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Table 1. — Examination of definitions of honey color grades adopted by the United 
States Department of Agriculture on a basis of minimum transmission of blue^ 
yellow j and red light, showing the number of cases in which the definitions are defec^- 
live in the 290 honeys studied 


Oracle 

Blue light 1 

Yellow-green light 

Ked light 

Minimum 
light trans- : 
mission in ! 
definition 

Samples 

t)elow 

mini- 

mum 

Minimum 
light trans- 
mission in 
definition 

Samples 

below 

mini- 

mum 

Minimum 
light trans- 
mission in 
definition 

Samples 

below' 

mini- 

mum 

Water White 

Extra White 

White - 

Extra Light Amber 

Light Amlw 

Per cent 

64 

60 

60 

48 

34.5 

29 

16 

6 

Number 

H 

9 

19 

4 

15 

Per cent 

77 

76 

71 

70 

63 

60. 5 
49 

43 

Number 

14 

12 

20 

4 

23 

Per cent 

81.5 

80.5 

78 

77 

73 

70. 5 
63 

59 

Number 

13 

11 

21 

4 

23 

30 

Extia Amber « - 

Amber 

Dark Amber « 

17 

22 






« The grades Extra Amber and Dark Amber are not included in the t?. Dept. Agr. Circ, 24, table, p. 29- 
Exceptions to definitions for these grades must here be included in the primary grades, sinc'e the extra 
grades are not clearly indicated in the series of 290 honeys. 


MATERIAL AND METHODS 

The determinations of light transmission through honeys, here 
recorded were made during the summer of 1922. Previous to and 
during that summer, beekeepers in all parts of the country were re- 
quested to send samples of honey for this study, and each beekeeper 
was asked to state the chief nectar source or sources from which the 
honey was derived. Four hundred and fifty-five samples were 
received and tasted in the laboratory, and the opinions of the pro- 
ducers regarding the sources of the honeys wore found to be quite 
accurate. From all the honeys received, 290 were finally selected for 
detailed study. 

The honeys "selected ranged from the lightest produced in the 
United States to those so dark that practically no light passed through 
a stratum 1 cm thick. Most of the honeys were of floral origin, 
but a few of the darker samples doubtless contained some honeydew 
honey. 

In the measurement of light absorption by liquids, several methods 
are available. One commonly used is to determine the extinction 
coefficient; that is, the reciprocal of the depth of solution required 
to reduce the intensity of light of a given wave length to a definite 
percentage of that of the entering light. Another method sometimes 
employed is to measure the energy of the light passing through a 
liquid of definite thickness and compare it with the energy of the 
light entering it. Measurements of this type were made by Kutzner ® 
for a few German honevs, but this method, while perhaps the most 
exact, presents difficulties and unnecessary complications. The 
method employed in the present work was to measure, by means of 
a spectrophotometer, the percentage of light of selected wave lengths 
passing through a stratum of honey 1 cm thick. 

Kutzner claims that this method is accurate only to within 3 or 4 
per cent, as compared with the l^ht-energy method, but there are 
other complications, such as turbioity, which complicate all measure- 

4 Kvtzksb, W. zvu physik deb BONIQFARBBN. Arcb. Blesenk. 9 : 186-195, illus. 1928. 
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ments and which appear to make the method adopted for this work 
as good as could be chosen. Perhaps the greatest source of error 
arises from the fact that when the percentage of light passing through 
a 1-cm stratum of honey is determined by means of the spectropho- 
tometer, the human eye is used to make comparisons of intensities, 
and this introduces an error which sometimes may be considerable. 
While determinations were made as accurately as possible, it is useless 
to assume extreme accuracy, and no such accuracy is necessary, for 
the honeys of the selected series could often be transposed without 
material difference in the appearance of the series. 

In the early stages of the work, measurements of light transmissions 
were made for a considerable number of wave lengths, but it was 
found that there are no regions of the visible spectrum in which 
unusual absorption occurs (absorption bands), and that when a large 
number of determinations are made, they form a smooth curve. 
For practical purposes, therefore, it ‘was found to be entirely satis- 
factory to confine the routine determinations to three wave lengths, 
namely, 4S0, 580, and 080 m/x, these wave lengths being those of the 
colors blue, yellow -green, and red.^ 

Since the chief purpose of this work was to establish definable color 
grades for honey, the selected honeys were arranged in scries according 
to their appearance to the eye, from the lightest to the darkest. All 
the honeys were carefully liquefied to prevent differences due to the 
deflection of light by included crystals, care being taken not to darken 
the honeys by overheating. 

It is probably true that the proportion of honeys of different color 
grades m this series, as finally adopted, does not represent the pro- 
portion of these grades as they occur in the markets, but such agrec- 
jiient is not necessary. The samples were obtained from all parts of 
the United States and a majority of them are honeys found in the 
main honey markets. In the lighter ranges of the series, the grada- 
tions were so fine that usually any two adjacent samples might have 
been transposed without the change being noticed, but in the darker 
honeys such a transposition would usually have been easily detectable. 
While the gradations are finer in these honeys, this is permissible 
because it is chiefly in the lighter honeys that the closer color distinc- 
tions are now demanded in the trade.® It should also be noted that 
in the darker honejrs of the series the gradations are less clear and the 
measurements of light transmissions are more erratic. This was due 
at least in part to the fact that turbidity is usually more pronounced 
in darker honeys, but it may also have been partly due to the fact 
that the darker end of the series was less complete than the lighter. 

After the honeys had been arranged in order, some of tlje most 
experienced honey graders in the country were asked to indicate 
where in the series the several color grades should begin and end. 
Everyone found this a difficult matter to determine, especially in the 


7 The measurments of light tmusmiasion were made by BeriiArd Kurrelmeyer, who worked on this 
problem for two summers. The third summer the work was continued by E. W. Tschudi. Throughout 
all this work, Prof. A. H. Pfund, of the Johns Hopkins University, freely gave advice and assistance. The 
arrangement of the 290 honeys in color series was the result of cooperation of the entire stall of the bee culture 
laboratory, as well as of several experienced honey dealers. 

> On a uniformly ascending scale of color in the Department of Agriculture honey coloi grader, the total 
length of the scale being 14 cm, the foUowiM distances are assigned to the various wlor grades; Water 
Wliit^ 0.8 cm; Extra W’^ite, 0.9; White, 1.7; Extra Light Amber, 1.0; Light Amber. 3.5; Amber, 2.0; Dark, 
2.6, There are many honeys darker than the darkest pait of this scale, so that the actual range of daik 
honeys is much greater than here indicated. The inequality in length of the different grades is explained 
by the need for closer color distinctions in the lighter honeys. 
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lighter honeys. In order that personal prejudice might play no part 
in the decisions, the floral sources of the honeys were not revealed 
while the judgments were being passed. To obtain different sets of 
opinions, the honeys were exliibited at the February, 1923, meeting of 
the American Honey Producers’ League and later at a meeting of 
beekeepers in Wisconsin. At the meeting of the American Honey 
Producers’ League, a decision as to the limits of the several grades 
was reached by practically unanimous agreement, separate opinions 
being taken of a selected set of experienced honey dealers and of all 
other beekeepers in attendance. These decisions of course referred 
only to numbers in the exliibited series and had no relation to the 
actual definitions of the grades. 

Previous to this work, different undefined names had been used in 
the trade for color gmdes of honeys. The miestion as to the best 
designations for the different color grades was discussed at the meeting 
of the American Honey Producers’ League in 1923 and it was decided 
to retain the names in most common use for the primary color 
grades. 

During this work certain beekeepers insisted that the color grades 
in common use, especially those for the lighter honeys, were too com- 
prehensive, and that finer subdivisions would be helpful. It appears 
to be a common experience in the color grading of commodities that 
with continued use finer and finer subdivisions are demanded. In 
establishing a grading system, it therefore seemed desirable to make 
provision for later subdivisions as they might be needed. For such 
subdivisions of the primary color grades, the additional word ‘'extra ” 
was suggested (except for the lighter subdivision of the dark grade, 
wliich is Dark Amber), it being the intention to include in the extra 
grade about 30 per cent of the lightest part of the primary grade. 
Thus the grade Extra Light Amber woula include about 30 per cent 
of the lightest honeys of the primary grade Light Amber. The 
opinion of the honey handlers present at the meeting of the American 
Honey Producers’ League was asked regarding the limits of these, 
extra grades as well as of the primary grades. The proposed limits 
were so favorably received that all of them were adopted, except those 
for the Extra Light Amber grade, which were later changed. 

It should be pointed out that the color grades here proposed, or any 
that might be adopted, are wholly arbitrary, for there are no natural 
color groupings in honey. Even for honeys of practically pure floral 
origin, no natural color grouping can be detected, and, furthermore, 
honeys are so blended in the liivo or during extraction that even if 
natural color groupings occurred in honeys of pure floral origin, the 
boundaries woidd be obliterated in the biends. As a result of these 
facts, there are often border-line cases in which it is impossible to 
assign a honey definitely to a certain color grade, but in the usual 
handling of honeys on the market, these cases are less frequent than 
might be anticipated. 

THE ABSORPTION AND DISPERSAL OP LIGHT BY HONEY 

When light jjasses tlirough honey to the eye, the impression formed 
through reception of the light stimulus is produced by light of various 
wave lengths. When white light strikes one side of a jar of honej 
and penetrates the honey, a considerable proportion of the light is 
absorbed, but this absorption is not equal for lights of all wave lengths. 
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The absorbed light does not reach the eye but is changed to some 
other form of energy, chiefly heat. The light which leaves the honey 
and reaches the eye is therefore a mixture of lights of various wave 
lengths, in proportions different from that in which they occur in 
white light, hence the honey appears to be colored. 

If honey were clear, more light would pass through than is usually 
the case, but honeys contain myriads of minute particles of various 
sizes which either absorb light or deflect the light rays from their 
direct course. These particles include masses as large as pollen 
grains, of which there may be thousands in a pound of honey, or other 
foreign particles which are accidentally included in honeys. The 
major part of the deflection of light is caused by the presence in all 
honeys of matter in a colloidal state. The composition of these honey 
(‘olloids is not altogether understood, but probably they arc chiefly 
dextrins. Honeys differ widely in the turbidity caused by such col- 
loids, some honeys appearing quite clear and others decidedly turbid. 
The proportion of light whicli passes through honey is, then, deter- 
mined not only by the light-absorbing power of the liquid constit- 
uents of honey but also by the suspensions occurring in it. The 
turbidity of honeys seriously complicates the study of light trans- 
mission, and gives jise to difficulty is assigning minijuum light trans- 
missions for honeys of the several color grades. 

The absorj)tion of light varies of course with tlie thickness of 
the jar containing the honey, as docs also light dispersion or turbidity. 
Even a Water White honey shows a distinctly amber color if the jar 
is of considerable thickness, and it also appears more turbid. 

The chief constituents of hone^^ are water and several sugars. As 
light passes through a solution of such sugars, there is some absorption, 
but tiiis is negligible so far as giving color to the honeys is concerned. 
Practically all the liquid ingredients of honeys are colorless, b}^ which is 
meant that they absorb little or no light and the light absorbed is 
practically the same for ail wave lengths. But in addition to the 
chief ingredients of honey, there are derived through the nectars 
certain plant dyes which do not permit light to pass without exliibiting 
differential light absorption. Since honeys from different plant 
sources differ in color, and since under varying conditions of climate 
and soils the honey from any one plant source may vary widely in 
color, it is clear that the colors of honey are due to materials of plant 
origin, derived through the nectars. 

MEASUREMENT OF LIGHT TRANSMISSION 

After the honeys had been arranged in series according to color, 
the proportion of light of ea(*Ii of the three selected wave lengths that 
passed through 1 cm of each of the 290 honeys w.is measured. In case 
any honey had begun to show crystal formation before the light 
transmissions were determined, it was again carefully liquefied. 

It is not necessary to record all the measurements made on these 
honeys, but a few examples will be helpful in an understanding of the 
difficulties arising from an attempt to correlate light transmissions with 
the colors as detected by the eye. The lightest honey in the series, 
as determined by the eye, permitted 77.5 per cent of the blue light 
(480 my) to pass through, 85 per cent of the yellow-green light 
(580 my)f and/ 91 per cent of the red light (680 m/t). This was a 
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honey from black sage (Romona stachyoides). These percentages are 
not, however, the highest for any of the three wave lengths as mea- 
sured by the spectrophotometer, for an alfalfa honey in the series 
permitted 80 per cent of the blue light and 96 per cent of the red light 
to pass. Turbidity in the sage honey caused more of the light to be 
dispersed, although the sage honey appeared lighter to the eye. 

A white-clover honey, classified as Wliite, permitted the following 
proportions of the light to pass: 480 m/i, 58 percent; 580 m/x, 74 per 
cent; 680 m/x, 79 per cent. A comparison of the lightest honey with 
this white honey from clover shows that the reductions in light trans- 
mission are relatively rapid. The darkest honey of the series, of 
unknown floral origin but probably containing some honeydew honey, 
allowed the following percentages of light to pass; 480 m/x, 0 per cent; 
580 m^Li, 0.5 per cent; 680m/x, 15 per cent. 

After the honeys had all been measured for the transmission of the 
lights of the three wave lengths, it was found that the percentages of 
transiiutted light did not fall into a series comparable to that made 
according to tlie color appearance of the honeys. This variation is 
shown in the data from the first 10 lightest honeys of the series. 
(Table 2.) All 10 of these honeys were so nearly alike in color that 
it was difficult to tell one from the other. If the data of the light 
transmissions of these 10 honeys are plotted as curves, a wide band is 
formed, for the spread is over a range of about 20 per cent. 

Table 2. — Percentage of light of different wave lengths passing through the 10 
lightest hotieys studied 


1 

Honey No. 

Blue liftlit 
(480 lU/u) 1 

Yellow 
green light 
(680 mu) 

Red light 
(680 mu) 

Floral .sour(*e 

68 

77.5 

85.0 

1 

91 

Black sage ( Hamom stachyoides ) . 

101 

75.0 

81.5 

87 

Sage (Famona spp.). 

176._ 

70.0 

80.0 

85 

Fireweed {Kpilobiuin anguatifofimn) 

102 - 

67.0 

76.0 

85 

Do. 

306 

63.0 

74.0 

82 

Do. 

306 

61.0 

74.0 

79 

Milkweed (Asclepias sp.) 

197 

80.0 

92.6 

96 

Alfalfa (Medicago gativa). 

196 

70.5 

80.0 

91 

Do. 

174 

75.0 

84.0 

89 

Do. 

37 

64.0 

74.0 

t 

75 

1 

Dutton sago (Hamona sp.). 


In order to show the extreme limits of light transmission that 
may fall within a single market grade, the following data are given 
from the honeys that fall within the lighest classification, known as 
Water White. For blue light (480 m/x) the highest transmission 
was 80 per cent, the lowest 53 per cent, and the average 66.2 per 
cent; for yellow-green light (580 m/x) the highest was 92.5 per cent, 
the lowest 76.5 per cent, and the average 77.2 per cent; for red 
light (680 m/x) the lighest was 96 per cent, the lowest 73.5 per cent, 
and the averaj^e 82. 7 per cent. Thus it is evident that in honeys 
which appear similar to the eye, there are considerable differences in 
the actual transmission of light of different wave lengths. Differences 
of even greater magnitude are found among darker honeys that are 
similar in appearance. 

The data for honeys that were reported to have come from white 
clover {Trifolium repens) and alsike clover (T. hybridum) are shown 
in Table 3. The numbers in column 1 are those given the samples 
pn arrival in the laboratory and are without significance as to grading. 
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Table 3. — Percentages of light of different wave lengths passing through the honeys 
derived from white and alsike clovers 


Orade and honey No. 

Blue 

light 

(4K0 

HIM) 

Yel- 

low- 

green 

light 

(580 

ITlM) 

Bed 

light 

(680 

ni/i) 

H 

Ura<ie and honey No, 

Blue 

light 

(480 

niM) 

Yel- 

low- 

green 

light 

(580 

THm) 

Bed 

light 

(680 

niM) 

/?• 

H 

Water White: 

Per ct. 

Per ct. 

Per ct. 


Light Amljcr: 

Per ct. 

Per ct. 

Per ct. 


93 

61.0 

77.0 

75.0 

1.23 

201. 

54.0 

83.0 

90.5 

1. 68 

Extra White: 





.56- 

48.0 

70.0 

75.0 

1.66 

307 

54. 0 

69.0 

74.0 

1.37 

265 

48.0 

71.0 

80.0 

1.67 

90- - 

75.0 

90.0 

95. 0 

1.27 

274 . 

33.0 

,54.0 

6.5.0 

3.97 

191 

70.0 

86.0 

93.0 

1..33 

273 

25. 0 

45.0 

58. 0 

2. 32 

136 . 

58.5 

73.0 

79.0 

1.35 

112 

36.5 

66. 5 

64. 6 

1. 77 

White: 





3(»2 - 

41.5 

69.0 

80.0 

1.93 

193,.. 

61. 5 

79.0 

89.0 

1.45 

177 

47.6 

78.5 

83.0 

1. 75 

219 

59.0 

77.0 

80.0 

1.36 

31 

37.5 

64.0 

68.5 

1.83 

256 

58.0 

74.0 

79. 0 

1..36 

1.54 

30.5 

51.0 

58.0 

1.90 

95 - 

45. 0 

59.5 

6.3.0 

1. 40 

23 

44.0 

68.0 

74.0 

1.68 

314. 

.50.0 

73.0 

77.0 

1.64 

60--. 

41.0 

70.0 

77.5 

1.80 

200-- 

.56. 0 

77. 5 

84.0 

1.60 

271 -j 

,32.5 

62.5 

71,0 ’ 

2. 18 

272 . 

,50.0 

73.0 

80.0 

1. 60 

Extra Amber: 





152 

49.5 

70. 0 

75.0 

1.52 

45 

31.0 

61. 0 

67.0 

2.16 

4 

58.0 

77.0 

1 80. 5 

1.39 

68 - . 

25. 0 

61.0 

74.0 

2. 96 

27 .. 

.5.5.5 

76.0 

80.0 

1.44 

96 - 

2.5,0 

52. 0 

63. 6 

2.54 

61 

.56. 0 

76,0 

80.0 

1.43 

216--.. . 

19. 5 

53. 0 

61.0 

3. 13 

1.53 

52. 5 

74. 0 

81.0 

1..54 

192- 

22,0 

59. 0 

73.0 

3. 32 

129- - - . 

52. 0 i 

73.5 

80.0 

1..54 

121.-- 

21.0 

51.5 

62.0 

2.96 

149 

48. 5 

64.0 

73.0 

1 1. 51 

184 - 

1.3.0 

42.0 

52,0 

4.00 

62 

.3fi. 0 

63. 0 

71.0 

1.97 

38- 

5.5 

17.5 

24.0 

4.36 

Extra Light Amber: 





;}0 1 

1.0 

36.5 

66.0 

66.00 

236-.- 

56.0 

84.0 

93.0 

1.66 

Maximum 

75.0 

90.0 

,95.0 

1.27 

91 . 

! .56.0 

80.0 

89.0 

1.59 

Minimum 

1.0 

17.5 

24.0 

24.00 

79 

, 5(i.5 

78.0 

84.5 

1.50 

Ax'erage-. 

44.0 

67. 5 

76.0 

1.70 

lOH 

! 51.0 

1 74.0 

77.0 

1 1.51 






110 

54.0 

81.5 

84.0 

i 1.66 






200 

54.0 

84.5 

88.0 

1.63 







« Ksitio of transmission of red light to tratuinission of blue. 


It is evident from Table 3, which shows but a small portion of the 
original tables, that the color gradations of these honeys, as deter- 
mined by experienced handlers of honey, fail to correspond with the 
gradations in light transmission for any one of the three wave lengths 
measured. So great is the variation in light transmission in honeys 
of practically the same color that it is necessary to find some other 
way to indicate differences in color. 

It may be assumed that the grading of the 290 samples meets the 
demands of the American market. If this assumption is correct, 
the light transmissions for the various primary and secondary grades 
in these samples may be accepted as characteristic of honeys of the 
respective grades. Table 4 gives the data in condensed form for all 
of the 290 samples. 


Table 4. — Condensed data on light transmissions of the selected wave lengths for 

290 honeys 


(Irade 

Sam- 

Blue light trans- 
mitted 

Yellow-green light 
transmitted j 

Red light trans- 
mitted 

of individual 
B samples 

pies 

Maxi- 

mum 

Mini- 

mum 

Aver- 

age 

Maxi- 

mum 

Mini- 

mum 

Aver- 

age 

Maxi- 

mum 

Mini- 

mum 

.Aver- 

age 

Maxi- 

mum 

Mini-1 

mum 

Aver- 

age 


Num- 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 1 

Per 

Water White 

her 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

24 

80 

53.0 

66.2 

92.5 

67.5 

77.2 

96.0 

73.6 

82,5 

1.43 

1.15 1 

1.25 

Extra White 

22 

75 

47.0 

60.7 

91 

56.5 

7.5.2 

97.0 

68.0 

80.2 

1. 45 

1.23 

1.32 

White 

49 

63 

24.5 

61.4 

86.5 

35.5 

70.1 

90.6 

39.0 

75.9 

1.97 

1.31 

1.47 

Extra Light Amber- 

13 

66.5 

40.0 

50.4 

84.5 

62.5 

74 4 

93.0 

70,0 

80.9 

1. 86 

1. 48 

1.61 

Light Amber 

68 

54 

23.5 

39.1 ’ 

86 

41.0 

65.6 

9a 5 

50.5 

73.9 

2.43 

1 66 

1.90 

Amber 

84 ! 

41 1 

4,0 

21.3 

82 

17,6 

66.4 

92.0 

24.0 

66.8 

14.76 

1.86 

3.62 

Dark 

30 

22 

0 

3.25 

58 

.6 ! 

23.1 

78.0 

12.0 

42.1 

O) 

2.45 



Eatio of transmission of red light to transmission of blue. 


Infinity. 
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THE POSSIBLE EFFECT OF RELATIVE SENSITIVITY OF THE EYE 
TO THE PROBLEM 

The human eye does not perceive lights of all wave lengths equally. 
Table 5, which is taken from the work of Coblentz and Emerson,® 
shows the relative sensitivity of the eye to various colors. It is 
based on observations with 130 individuals made by detecting the 
disappearance of flicker when two lights of different colors and inten- 
sities were alternated rapidly. 

Table 5. — Relative sensitivity of the eye to lights of various colors « 


Wave length 
(ni/u) 

Visibility 

Wave leiiRth 
(niM) 

Visibility 

Wave length 
(nut) ^ 

Visibility 

Wavelength 

(in/i) 

Visibility 

440 

0.033 

,520. 

0. 710 

600 

0.687 

660 

0. 0645 

460 

. 0.56 

540 

.054 

620 . 

.427 

680 

.0178 

480 

. 12.5 

560 

.008 

640 . 

.104 

700 

, (KMO 

500 

. 316 

580 

.808 



“ After Co])lentz and Emerson. Op. cit., Table p. 219. 


It is evident from Table 5 that the human eye perceives light 
most acutely in the region of 560 m^ii (yellow-green) and much less 
acutely at both the violet (440 ni/i) and red (700 m/i) ends of the 
visible spectrum. 

It might be suspected that the relative sensitivity of the eye to 
lights of various colors has some effect on the color impressions firising 
from the passage of light thro\igh hone;7s. l^his seems not to be the 
case, however, for the relative sensitivity is the same for the light 
either before or after it passes through the honey. No results of 
value have been obtained from attempts to calculate the light trans- 
mission of the various honeys in relation to the relative sensitivity 
of the eye to colors, since nothing approaching regularity has been 
found in suclv computations. 

THE RATIO OF TRANSMISSIONS AS A BASIS FOR GRADING 

As previously stated, differential absorption of the white light gives 
the impression of colors that we get from looking at honeys. If the 
light which passes through honey has exactly the same relative pro- 
portions of the various wave-length components as are found in the 
original white light which strikes the honey, our impression would be 
that the honey is white. If some light is absorbed more than others, 
we get different color impressions, depending on which wave lengths 
of light pass without absorption. 

Before discussing this subject in detail, reference may be made to the 
‘ ‘ color often seen in honey from fire weed or willow herb (EpUobiurn 
angustifolium). This honey would usually be graded as Water White 
or Extra White, fireweed honey being one of the lightest to be 
found anywhere. A pure fireweed honey is so nearly devoid of amber 


« COBLBNTZ, W. W., and BMKBSON, W. B. RBLATIVB flENSIBIUTT OF THE AVERAGE EYE TO LIGBT OF 

different colobb and some practical applications to radiation problems. U. S. Dept. Com., Bur . 
Standards Bui. 14: 167-236, Ulus,, 1218. 
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color that it often has a slightly gray appearance. This appearance 
of grayness arises from the fact that all wave lengths of light are 
absorbed in almost the same proportions, and the light which passes 
through a stratum of this honey is therefore practically white light. 
There is, however, some absorption of lights of all wave lengths, so 
that the amount of light which passes through the honey is less than 
that which comes around a jar. This reduction in the light as it 
passes through the honey gives merely an impression of slight gray- 
ness, without any noticeable color. Even for fireweed honey there 
is always slightly greater absorption of blue than of red light, as 
indicated in Table 2. 

It is, then, possible for a honey to give the impression of being 
white or slightly gray even though a considerable proportion of the 
light which strikes it is absorbed. Although entirely etpial absorption 
of all wave lengths has not been found for any honey, the human eye 
gives a color value, however slight, to all honeys. Usually this color 
is described as some shade of amber, the implication being that the 
wave lengths of light toward the red end of the visible spectrum pass 
through the honey more readily than do those of the violet end. An 
examination of the data for the clover honeys (Table 3) shows that 
one honey allowed 95 per cent of the red light (()8() m/i) to pass through 
a stratum of 1 cm, wdiereas the greatest transmission of blue light 
(480 mg) w^as 75 per cent. The averages for the clover honeys were 
as follows: Blue (480 uig), 44 per cent; yellow-green (580 mg), 07.5 
per cent ; red (080 mg), 75 per cent. These figures support the pre- 
vious statement that honeys permit more red light to be transmitted 
than any other, the violet end of the visible spectrum being most 
heavily absorbed. 

It is possible for two honeys to have the same ratio of light trans- 
mission in the several w avc lengths and still to absorb (piite different 
percentages of the light of each of the three wave lengths. In such 
an event the honeys would have the same color, yet one would 
actually transmit less light than the other. As one goes toward the 
darker grades of honey, one finds that more and more light is ab- 
sorbed but that there is a most rapid reduction in the transmission 
of light toward the violet end of the spe<*trum. It therefore seems 
at least theoretically possible to use as a factor in establishing the 
color grades of honey the ratio obtained by dividing the percentage 
transmission of red light by the percentage transmission of blue light. 
This ratio would be a constantly increasing number from the lightest 
to the darkest honeys. 

The clover honeys have been examined on this basis. The lowest 
ratio found is 1.23 for the lightest honey, and the highest ratio is 66 
for the darkest. (Table 3.) There is a steady increase in the ratio 
from the lightest to the darkest clover honey, but the rate of increase 
is not entirely uniform because of the smallness of the series. There 
are also certain variations which can not readily be explained on the 
basis of measurements with the spectrophotometer alone. 

Since the actual figures representing the percentages of light of 
various wave lengths fail to give any satisfactory means of delimiting 
the color grades, and since the ratio of red to blue gives a more satis- 
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factory way of indicating these limits, it seems possible that the defi- 
nitions of the honey color grades might be based chiefly on this ratio. 
The figures published by Sechrist and Samson seem to be of some 
service, however, for while they can not be accepted as the lower 
limits of light transmissions for the several grades, they may still be 
useful as indicators of the percentage of light absorption to be ex- 
pected toward the lower limits of the grades. It therefore seems 
wise not to abandon these figures entirely but to use them as examples. 
They will serve as a further check, in the event that later attempts 
are made to devise practical grading instruments for the use of bee- 
keepers and honey dealers. 

It may be admitted that no optical physicist would probably ever 
think of using such a ratio of light transmissions as is here suggested. 
However, since the ratio seems to serve as a useful method for de- 
fining the honey color grades, being far superior to any other attempt 
made to define them, there seems to be no valid reason for refusing to 
accept it merely because the method is unusual. 

The reduction in light transmission is seen to be regularly such that 
the red exceeds the yellow-green and the yellow-green the blue. On 
the basis of the suggestion made earlier, it might then bo possible to 
R R Y 

use the factor y» or g* These factors appear to be equally valid, 

but of course the one should be chosen that gives the most consistent 
and definite results. As might be expected, the extremes best meet 
this requirement. 

It would also be possible to get still larger numbers for the ratio if 
wave lengths other than 480 ni/i and 680 m/x were chosen. For 
example, if 440 irifi and 700 m/u were used, the ratio would be larger, 
but in that event the wave lengths measured would approach the 
limits of human vision, which would make the measurements less 
definite. Since the selection of any two measurements is w^holly 
arbitrary, it is necessary only to get data on wave lengths far enough 
apart to show significant ratios. 

By computing the three factors mentioned for all the honeys in 
averages for groups of tens, all light transmissions for each group 
being averaged, the usefulness of these three factors has been tested. 

For g there are five instances in which a group of 10 honeys give a 

ratio on this basis which is lower than that of the group of 15 honeys 

R 

immediately adjacent on the light side. For y* Inhere are 10 such 

R 

exceptions. For g there are found only 3, perhaps as good a showing 

as can be found for any grading scheme for honeys. These ratios are 
given in Table 6. 


I Sechbist, £. L., and Samson, H. W. Op. cit. 



Deo. 16, 1932 


Definiliom of Honey Color Grades 


769 


Table 6. — Average percentage light transmission for the lightest 260 honeys in 
groups of 10 eachy with compelled ratios as indicated 

(The 30 darkest honeys are omitted] 


Group No. 

Percentage transmission of— 

K 

B 

R 

Y 


Blue light 

Yellow- 
green light 

Red light 

L-- 

70.3 

80.1 

86.0 

1.23 

1.08 

1. 14 

2 

62.7 

74.2 

78.9 

1.26 

- 1.06 

1. 19 

3 

63.4 

76.8 

82.2 

1.30 

1.07 

1. 21 

4 - 

58. 1 

71.7 

76.7 

1.32 

1.07 

1.24 

5- - 

62.4 

79.2 

84.1 

1.35 

“ 1.06 

1.27 

6 - 

68.7 

75.1 

81.5 

1.30 

1.10 

1.29 

7 

50.8 

69.0 

74.2 

1.46 

« 1.08 

1.36 

S, . . 

54. 4 

76.1 

80.9 

1. 49 

“ 1.08 

1.38 

y - -- 

45.6 

64.7 

7a 6 

1.56 

“ 1.09 

1.42 

10 . 

42.7 

64.6 

73.0 

1.72 

1, 13 

1.52 

11. .. 

51.2 

76.6 

80.6 

» 1.68 1 

“ 1. 07 1 

^ 1.48 

12 - .. 

43.8 

66,6 

76.0 

1. 73 

1. 13 

1.63 

13 

40.6 

66.3 

75.0 

1.88 

1. 14 

1.64 

14-. . 

41.4 

67.2 

74.8 

M.81 

- 1. 12 

“ 1.62 

ir)--. ... - - 

38.4 

67.1 

74.1 

1.94 

“ 1. 11 

1. 75 

ifi...- - 

37.7 

64.2 

74.2 

1.99 

1. 10 

«• 1. 72 

17 - . . 

34.0 

62.0 

69.9 

2.66 

“ 1. 13 

1.83 

IS. ... ... 

32.6 

6110 

71.7 

2.20 

“ 1. 14 

1.94 

19. .. 

29.3 

61.5 

70.1 

2.44 

« 1. 15 

2.13 

20 . . .. 

25,0 

58.0 

68.6 

2.84 

J. 19 

2.39 

21 

24.8 

55.6 

65.6 

‘•2.67 

« 1. 18 

» 2.27 

22 

22.6 

56.0 

71.6 

3.33 

1.28 

2.74 

23 

21.7 

55.7 

69.2 

3, 48 

1.26 

- 2. 66 

24 . 

17.4 

54.6 

66.6 

4.09 

• 1.2:^ 

3.35 

26 

14.6 

47.0 

60.5 

4.34 

1.30 

3. 35 

20 

11.4 

47.0 

60.4 

6.32 

« 1.29 

4.85 

1 


• These rntiM show irregularities in the progression from the lighter to the darker honeys. 


If this proposed grading plan is subjected to still another test an 
K- 

examination of the ratios g for the individual honeys of the entire 


series only six cases will be found of honeys which have a ratio hij^her 
than the average ratio of the next lower j?rade. These six exceptions 
should be contrasted with the 263 exceptions found on examination of 
the definitions of grades formerly published. Three of these excep- 
tions occur in the Water White grade and three in the White grade. 
None appear in the darker grades, and in both instances the excep- 
tions occur because of the interpolation of secondary (extra) grades. 


CONCLUSIONS 

As a result of a study of the transmission of light of three wave 
lengths through 290 honeys which had been arranged in series and 
marked as to their proper market grade by expert honey graders, 
the definitions for honey color grades shown in Table 7 are proposed. 

149774-~32 5 
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Table 7. — Proposed definitions of honey color grades based on transmission of 
blue, yellow-green, and red light and on the ratios between the transmissiom of the 
red and blue lights 


Grade 


Water White 

Extra White 

White .. 

Extra Light Amber . , 

Light Am her 

Extra Amber.. 

Amber 

Dark Anii)er ... 

Dark 


Approximations of light transmission 
for the lower limits of the grades 

llatio of red light trans- 
/ B\ 

mission to blue j 

Blue light 
(480in/i) 

Yellow- 
green light 
(580 mu) 

lied light 
(680 m/i) 

Maximum 

Average 

PfT cent 

Per cent 

Per cent 



64.0 

77.0 

81.5 

1.43 

1.25 

6ao 

76.0 

80.5 

1.45 

1.32 

50.0 

71.0 

78.0 

1.61 

1.47 

48.0 

70.0 

77.0 

1. 97 

1.61 

34.5 

63.0 

73.0 

2.43 

1.90 

29.0 

60.6 

70. 6 

« 4. 20 i 

('*) 

15.0 

49.0 

63.0 

8. (K) i 

3. 62 

6.0 

43. 0 

59.0 

- 9. 83 : 

(.) 

(») 

1 1 

(‘) 

(») 

(-') 

? 


« Averages are not given for the grades Extra Amber and Ditrk Andnsr, since no definite division iK)ints 
for these grades were desimated in the 290 honey.s studied. The maximum ratios are based on estimates of 
the probable maximum if the secondary grades are to include roughly 30 tier cent (»f the primary grades. 

^ All honeys darker than Aml)er (or Dark Amber), 
e Infinity. 

The figures in Table 7 for maxinuun ratio of red light transmission 
to blue light transmission differ from those given in Table 4 for the 
same grades in three instances. These changes are proposed because 
the extreme figures for ratios in Table 4 were those of throe honeys 
toward the lower end of the respective grades (White, Extra Lignt 
Amber, and Amber) which may as well be allowed to fall into darker 
grades. In no case did these exceptional honeys lie farther than two 
or three from the darker limits of the grades. These changes are 
proposed also because the ratios of the particular honeys w hich gave 
abnormally high ratios are considerably higher than those of honeys 
immediately adjadent to them in the series. 

If color-grading rules based on these figures are adopted, it is 
believed that it will be possible for any properly equipped manu- 
facturing concern to make a honey color grader that will meet the 
demands of the definitions. Moreover, the color grades will be 
accurately defined, which so far has not been the case. 
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